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THE LIVING WOKLD 


eee. tne science of ‘Life forms’ and ‘Life processes’ 
Living Study 
° ee men has classified all mattex present on cartn in z- categories: 


nye a > Plants, animals 


e Tere are two 


views) to understand biology: 
GiWcentic View ~~» Here» species one 


Gus pocentritc sriteres QD 


views ; ; 
~ We will THy to leamn a 


Here , humansiare considered 
small Species axound us 


Guperior than othe species 
g 


i Only a limited progress in 


IL living 


bout Holes, 


featuses and imposrtance of even o 


our biological Know ledge can Thus, there will be immense 


be seen: proguess 117 our biological Knowledge 


“a € Iture 
The ‘World is a . Family ven out Indian cultar 
States that all species on éartn 


ane like a family and ane equal- 


Similarities yy 

pt na between 2-generat- 

Similarities Gens: between parents 
q ae eg yy a asgeprtngs 


eneration® Pbetween ee 
a 
be tIntesigenenation 


cceHorizontal and Vertical 
\n, 


siblings 


ie. Enea genenation. 


© All present day living oxganisms ave Helated to each othe € to all 


EO, 


6 evert Lived on ch but to vanying deqnecs as we all 
ATE: A\0 Di-e- ’ NUCLEIC ACID: 


oxganism 


share ‘common. 4F& —1e7 : P 
own endo "3 RiApin a few vimuses 
organisms 
ENE OEE TE ERNST MAY Remmi 


panwin of 20 cant my. 


© called as ° 


Top-l00 SCIENTISTS) of all time. 


° Listed amon 
‘of Biology: 


TRIPLE CROWN 


4 


i- Balzan Prize C1983) 
lis Intennational Prize for Biology (1994) 


e won 


(1904-2004) 


iii. Cuafoomd Pulae C1499) 

© Mayx has given “BioLogiCAL CONCEPT oF SPECIES’ which is the cunnently 
accepted definition of species. 

According to this concept: The organisms in a population that can bxeed 
togethen and can puoduce Cat offspuings ave Said to belong xo 
Same Species. | | 
MoT) 15 onganisms fuom A- different Spectes (with similaxities) THY to 
bueed together , thei. pHogeny will be stestle. 

e-g-, O"-Donkey (Jack) x  9-Honse (Mare) ——> Mule 


o Horse x ¢- Donkey —_—> Hinny 
d"- Lion x $- Tiger — Liger 
O-Tiger x o- Lion nh Tigon 


ace een reer sere INTRODUCTION beget rer nested 
¢ The living world is vesty diverse 2 tt contains millions of species. 
e Even Some oxganisms axe found in most extseme conditions 3 such 


onganisms aHe called as 


Naeem ponteremmannsed 
extreme [Haus 
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= 
GR ER SEO cee et aeons ne aie tomy en Ga enone ik oss ak) nessa es ee 


Med Easy Botony 


a 


6 Ecological | 


é - and “cooberation’ occu between orqansoms: 
T'ger predating & you helping your fuiend 
a dee x ‘in exams - 


ee WH AT 1S LIVING? Lee 


‘They include all the features found in A. 


chanactesistic Features 


[ving oXganism - 
e-g., Respixation, Hepxoduction , walking 4 +alKing etc: 


These features cleastly ditteuentiates betw 


Ng Featustes: - 


Defini 


tiving oxganisms § non-living things: 


Such chaHacters shall be present in all CEBGTEMUIAG) organisms witn- 


-out ezcebtion and shall not be present in any 
e-9-5 Metabolism, cellular oxganisation , consciousness: 
@De xganioms guow <6 ‘2-» Twin chauactexns 


e fin mass 


Both multicellulast % unicellular ef in no- of individuals 


g-lohrs 


organisms guow by cell division. : 7 
Single bacteria Bactexial Colony 
Cinvisible) - (o®- jot bactexiums) 
— “In-vito' cultusse 1-e- . 
outside tne body of organism Cleasily visible 


¢ Guowth, cell division and mepuoduction axe mutually oY 
onganisms as all these events occun stmu taneously - 


guowth and Mepnoduction axe mutually — 


oe i a ar ye 
fire. 17D i rh | lA 
UNICelularr 


© In multicellulan ouganisms , 


exclusive events: Gai | : 
Plants gHow ; animals quow upto a certain 


nee bees tive ages division occum in centain 
‘in Life ; : | 
oa . tissues to steplace fost cells- 


=—— = = . eae oe ae a ae ee ae ee Be eee ne 
iol 
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- GRCHEBSS in GED Is also considered as gHow th 


Sood : ’ ounds and bouldenus 
., Non- living things such as mountains, sand mounds 


Can also grow by accumulation of matter (CaecHetion» 
“> GHowm is Gov a defining featuHe of living oxiganisms. 


, Saas BET oe oa ory RE 
° In living oHganisms » quowth 1s fom inside Cintususception) : DEFINING. 
e Dead oxganisms do not Se 


EE Re pt Od UC ti o n samme, 


Again +o pstoduce 
Type of Asexual Possessed by 
reproduction organisms 


Fs ° o e 
Itis a biological bXHocess by which 


New organisms (buogenies) axe brodu- 


Millions of — Fungi 
_Asexualspores | ~Ced by Parents (mone) on (eg 6 
Budding Yeast, Hydra to them. 


True | Planaria (flat worm) onganisms Due to 
enfepenératlon aa iiasty oaks | PHoduced ane oF among Paxents 
Fragmentation Fungi, Filamentous 


Same 


Species 


% of fSpuings. 


algae and Protonema 
of mosses 


fe CHeebing »greens branched , filamentous 
Stage of moss developing fsom s 
; i poxe.- 
: ae ONgANISMS , likeGmules , in festtile human couples Cdue to abnox- 
- malitie °s 
alities) and Donke bees ( “among 9-bees, only YUEEN can nebsroduce) 


do not He pHoduce. 


al oF all chemical 

: a Catabolism 
Anabolism (Breakdown) 
(Synthetic) Saar 2° 


O° —y @ ° 


eactions OccuHHing ‘in 
NOTE 


= = = op 
oR hc aria 8 
=e 
== 


fee e 


© o ° 
‘e) Metabolic Heactrons can Such Heactions ame similas 


oO be Ppeuxfoarmed 
Pex invitee’ —~»> to meactions in ou body 


Ccell free *reactions 
ee “They arte living weactions. 


oweve ‘in-vi e ey 
Howe v Ms such in-vitsto’ reactions axe neither living nox non-living 
when tHled to classify. 


e Metabolism and cellulast onganisation ane Gefining) featuxes of living: 


EE Consciousness and Self-ConsciousnesS Saas 


Technically comp- * a Only shown by humans 
-licated and most obvious featuxe 3 as only humans ave awaHe 
Tis ability of an organism to be of themselves | 


‘aware of 1ts Suststounding' 
Patients lying In coma 


xe SPONP to 
envinonmental = envixtonmental stimulus with no self consciousness 
ee : ane living and aue called 
(like we do by onganisms) 


(Light 
3 ) (Acids, Bases) 
SpepHeAUCHIAN tn seasonal breedens , botn plants 


oun 6ense ongans) 


° Phiotoperiod affec 


and animals. 


Light Duxation j Planis shows flowening 
Animals get te Know about changes In Seasons based on duxation of 
sunlight 


by sensing the uelative dunation of sunlight. 


: , ° hea 


(NOTE® Self- consciousness 15 nota defining featune- 
Interaction and Emergence 


| SEE 


pl enomene 


aue due to 


Gnkenactions» -ance bHopenties at higher level- 


Interactions at lower level. 
always give ise to | adv- 


All liv ng 
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at 
Intenact Interact Intemact 


Bass ae p> De mump> G1EE02...... 
Ze ae ‘ soo ay (Advance 


nan cells) 


(Advance than (Advance than 
Biomolecules) Onganelles) 


Definition of Living Organisms Sy 
° They axe Getf-sxeplicating  (@volving » (Self - negulating / interactive 


Systems capable of Hesponding to external ‘stimult. 
Ghieractive systems @olvi ng 


| eS Gelf Megulating 
Respond to stimuli if - Meplicating 
WHAT IS LIVING? om 
° The living would includes millions of spectes of onganisms like 
that of plants, animals and micuobes- 
e When weincHease onemsanea of obsenvation 3 the 
Species) tuat we will found ina lange axea 


Smaliet auea Lasigent aHea tga eens oe found when 
2. Species | *- Sbeciesf | we explowe new avxeas bu axe = fourid 
even when we exploxe ‘old axeas: 


¢ Eveny aiffenent Kind of om anism that we see, xebxesents a species. 
and we have Known and descuibed E528 Million lf-I8lakh) species, till date. 


“This te ound Bloutvencney’ 
° Each of these species ig. Known by its deab/ vernaculan Games 
which Vaxy fuom place to place. 


ate cneates Cpgusidn C9: Galotropis f 18 called: Aak tn Rajasthan 
en — Alakda in Hasyana 


Madan. | (rv M- P 
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EE 
°o 
id en ; 
To avo Such confusions » Standardization Of names 1S important So 
that an organism shallbe known by Game name)all over the world: 


° ° 
The pMocess of naming diffestent onganismns iS 
But before haming an organism , the onganism need to be descnt- 
-bed connectly * this bxMocess 15 called ‘Identification’: 


Nomenclatune . 
Noy 1 


Organisms Authority and Rules for their Naming 
ICBN: International Code for Botanical Nomenclature 
Animals ICZN: International Code of Zoological Nomenclature 


ICNB: International Code for Nomenclature of Bacteria 
ICVN: International Code for Viral Nomenclature 


Cultivated ICNCP: International Code for Nomenclature of Cultivated Plants 
Plants aoe 


components of name 
EEE component ts Secon 
Geing / genexic name 
RGIESD Name of mango ts wuttten as? 
| Fimst alphabet of species is lowencase 
r tind’ ca Linn-/ Man ifera indica Linn. 
chiang sex! gitera indica Li 
Fiust alphabet of J Seal Typed tn ftalics to show © 
Genus Ss They ave Latinised os thelx 
enived from Latta) ce 
ssteapective of wnert~ NAN OF auton. 10. aceseNs: 
onigin -ted form at the end of the 
‘name Cin Roman scsipt) 


le} component 1S Species GbE oy ETC 


phen hand-waitten x Not Ttaticised on undexlined-: 


Pe ek Gs Li ae eee ie a ee eee ene es ne ame 


The Living World See ae Be @ . 


*? Thene ate millions of species on €anth » tnus to undexustand and study 


them in a bette Way- we need 


_ nies based on easily obsenvable ch 
gH 


to classify them into convinient categ- 


anactens- 


nit | T 


ALA: 


f >. ¢ a j 
oup f franik / ( 


categonies ane algo called: 


e These 
can Hepmesent different bevel’ 


e-g-, Humans belongs to oMdest- pximata sclase-mammalia % Kingdom- 


e ° 
Animalia ay 
a Bee rs Piero ap stares N Ge ESE pT oo 
% these Elassvondew and Kingdom axeall taxa but at disfenent levels: 


) 0°? re ° 2 a 
£. All| onganisms need tobe Classified In vaxious ‘Tana’. This puocess 


ts called Taxonomy: 
Conventional Taxonomy 


Modexn Taxonomy is fs based onsGP Chanactenisation 
based ons ip Identigication 

@evelopmental pxoce SS % | giily Classification 
Inteunal+ extennalste+ C+DtE — Gy Nomenclatune 
canary aAphADGy) $ \ Gological infoxmation 

| ell stuuctune 
SYSTEMATICS = 
—Y~—— 

Lt isa ‘Latin’ woud which 


Ze Systematics i5 a biggex bsanch 


means 


g 


Linnaeus used ‘systema Natuxae' title fos nis book 


mmm JN GLE-JU NGL E exmmenmnscsnnennscrmeaeerrecniessresTeTaS 


Let’ 5 
& say T went to jungle % found a new species, what will I do 
a6 4 Biologist . | 


than taxonomy - 


oe te ae ty er ame ea == 
— ee ce = 
et Ome ot ed So oy] 
et se ae 
= 
iat a ee ee ey 
ee ieee a ed a ee ee oe es ee me oe. = 
% = os on 
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note all tne 


Vooal NAN ee Oma ©. 
‘ls Chaxacteisation : initially , 1 would 


BP of this onganism like hexe: chittnous 


Chanactest 
excoske leton > joint appendages, puesence of antenna 
@ARATAEANORD Now, since 1 know some chanactens 
of these onganism , 1 geben Tea "95 what EIS” 
E-q-, inthis case, it seems to be an Insect - 
S. Classification? Based on its chanactexs, 
to whatever 


tne onganism is classified 
level possible - In this case , the new on9- 
-anism (s similax to cockstoach upto genus level - 

. Kingdom , phylum, class, oudem , Family and Genug of new oxganion 
ig same ag CcockHoach: 

*? We need to allot Kingdom, Phylum clags ---- species to a newly 
identified oxganism: % We can gay that classification Is a multistep 
pxocess whee each step xepuesents a- quoup| categouy / xank] Taxa] 
unit of classi¢ication. 
@Nomenciatuxe) ° Genus is already named , only the species 


Sy) 


has to be named: 


mm TAXONOMIC CATEGORIES 
e When we axxange all taaonomic categories tn ascen ding om descend- 


ee o ees ) 
-tng Sequence = it \S called as- ‘Taxonomic Heixaxcny.- 
= .. ORde Ge | 
@oss OR Genus 


TRICK: Beep m EJean 


gion: Phylum : ‘BNision 
Cfon Cfo plants) 
animals) 3 


o These @ categonies axe called EBIGanO) categ onces’ SS 


Hey! lam 
Nl, FAM! 


Os ee ced einen mira a Cie Sei eae OAT 
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° 
a. 
y 
Y 
x 
" 
= 
i] 
= 
O 
S 
i. 
is] 
<= 
1S) 
= 
° 
= 
= 
o 
S) 
oa 
°o 
° : 
Zz 


ng) 


tt 


Shire, 
20 


ine 


i 


No. of Common Characters keep on 


Lowest/ <~ sees 


category 


antc 


Plantae: 


Gymnosperms 
‘Dicot; Monocot 


Polymoniales. Becales 


q 


Solanaceae, 


Convulvaceae | 


ene 


aig Bi A nn, 


igena, 


9S) (i-e-) Contain many living 


oxganioms) not) only mosp hol FN aaaxeqates 
; | Cal aggxegates 
ve Kept in on 
ane Kept in ataxa not only on the basis of rnotphological charac - 
ters but a lot of other featurtes aste taken into account) - 
Guoup of oxganisms with 
fundamental similanities 


i) 
Cvneans the onganisms 


Monotypic: contain 1 species e-9-, Homo Sapiens 


Polytypic: contain 74 species €-9-. Panthexa 


species —» Genus —» Family —» Order —»Class -»Phylum —» kingdom 
—< le, onder and. Wigher cateqoues aXe 
ouP oO 


4 & id Qo On? 
§ Prige a ane Sf Pip Nel gion Lous 
Among blants » agg neg ake Cavenage) CUGHACTE-“A>: 
re families ane chaxactentsed 
0 a — 
axe mone similaXto 4 the basis of * BOTH 


each othex as Comp- 
-aued to Specles of 
Some othe genus: 


Common Family Class Phylum 
Name 
Mangifera Sapindales | Dicotyledon | Angiosper | - 
Foha joy wheat see aoe 
c= —T “_— 
Wheat ¢ Triticum Poaceae Poales Monocotyle- | Angiosper 
% donae mae 


AM) cuicketert SHAML weasting a Batting PAD. 


psesent ina genus 


- “2 as 
tat { y 


Ses Asatrber—- a4 
€ and Hepuoductive 


: Kingdom-Plantae 
: Division<AngiosperLm. 


: Class {Picot | 

: onden{Sapindales 

: Famitly-(Anacastdiaceae 
: oe See 


: species-i[ndfca 
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® We have Identi¢ied [:F-1B 
and understand Such lange nao} 
impoxtant. | 

UZ Schemes of Classification 


a Gqiliesd classification by 


classification based on i of onganisms. : 
eed Sheitew Eoming Secumtty Tans poxe aineXts 


Cuops, Teak,Sal, SILK; cotton, Dogs House, bull, Medicine, 
Pulses, Spruce wood jute, jie mule 1 
vegetables, “eo 


meat, milk 


@ Finst BGG clacstsicaton By Axisi 
ased on. simple 
A 


Hexb sShnubs| bushes Tee 


specles t?ll date: *. To nead 
organisms, susticiiiion 1S 


': It was a 


Spices gums, 
nesins etc. 


Base sed on 
absence Ua Heaesee 
Enaima Analma 
(Red blood @1t) (Red blood Ont) 


= Game system of class! ¢icatton: By Carolus Linnaeus 


Main cnitenia: 
Presence on absence of cell wall- 


yi cell wall Ap ; C99 Auchaebactenta, Eubactestia : chy sophytes 


ea oho flagellates, Fungl , algae, b 
‘er Hyoph te 
ams dnd d anispenns: eat oe Mie _preadepiates s gymnospe- 


2 >cell wall Ab 3 e-9-, Protoxoans, vaacls. : + mammals te 


pe) te 


es- Kingdo mM system : Haecl 


D 


daw backs: ye 

° nefare na Gat soduced Puotista. 

e This system did not distingu IntHoduced 4 
ae ° : ntPto od befoue Monesal 
between pHokanyotic Cbactenia, : sie ; k 
4° . 04 Kingdom system s Copeland 
MUOTIC ungl 7 
BgA) , and @BKanyorte Cfungl. — Intuaduced MoneHa. 


blants) organisms. 
e It Kept togethex ‘untcellulase Cchlomella) with multicellulan plants. 


eit Kept together ‘heterotsophic Cfungl) and autotmophic Cplants) 


oxganisms together. 
‘NOTE 2) Some onganisms liKe mycoplasma lacked cell wall but Kept 


with bactesia in plantae- 


PRED in 14469 and he Intuod- 


Bcc p 
dele le | 
LLaNGZ 


Mi? Given by RNA 


Ant 
\ 


Ma 
we ?(PHoKanyotic om lrantyotic 
 Monena. All othest Kingdoms 
— 
plants 


2 
ntne Race 


ongan System 
&, Animals. 


Monenass Pmuotista Eun gf 


Fungi & animals 


A UTS Hophic & fe HO, pphic 
Plant » BGA 
Asexual 8 Sexual-2>common in higher plants % nual 


1 
AG 
aF 


yes 
Aelia 


ee Biological Classification : 


Feed on cead -s they live :47) organisms Cénidé parasite) 
é decaying hater On organierns Céttopa rasite) 
sapropiytic Parasitic 


Ingest food in 
Solid or 


Centra op saprophytic Holozoic. liquid form. 


Autotrophic +6 
Heterotrophic — 


é ‘Chlamydomonas Amoeba 


Gs chloxella Faviameciurn 
weHe Ne placed in wexe Placed in 


SOD TT 
animals easlies, 


Pay sara ak emOneteahanorn nertocrsunge oan sereuraceeemmeee toate sani sian beleaiceomeens 


dn all classification systems, : 

"Plante animal Kingdom wexe - | : 
“ CONSTANT’ but onganisms: within them, 
“Kept « on ‘changing due to change in. - 
ccvitenia a Seton: Ae 


oe * ' e 
Moneta Pxotista Fungi * Plantae * 


Animals™ 
Based on SS 


equence All eukayores: Ed kaHya * 


#: 6 -Kingdoms 
* ! 3- Domains 


Aeg ttint a be kh a Semen LO, 
(Atienaebactenia*” eubacteria," 


they live 49 arganiams (éf;d0 parasite) 


é Fe eaying F roner Pi eon organiemns Céctopa rasite) 
eapropiytic Poracitic Ingest food in 


Solid or 
phy tic Holozoic. liquid form. 
rR 


( 


phi 
pr elece sap im 


cniamydomonas Amoeba % 


© 
‘38 chloxella Faxameciurm 
wene placed in weve placed in 


5 animals eauliex 
on wall 16) (cell wall@ae) 


snp pene peracmmanc teem i 
eee 


In all classificatfon systems, 


: Plant 6 anfmal Kingdom weHe- 
ey ‘CONSTANT’ put onganisms within em 


: Kept on changing due to change in 


cnitenia “f Elebelfleation: 


—* | ha! 
icine eta Fungi * Plantae * Animals 

Based on 

Sequence [| eukartyotes: EKaAYa, : 

. oe #: 6-KINgdoms 
* ! B- Domains 


ive. ¥N 


Tle ee mm i la Le aw tl ip tose esl oe 


1 s ie i Med Easy Boton 


a 
sommes KINGDOM MONE RA exmmmesemnnnnnnsnsecnesscnees sens rseeasesaacneae 
i@ ane thei sole (matin) membens. 


(present evenywneHe ) 


e Bactemia ane most abundant 6 cosmopolitan 


o 
oxganisms. 
o © 0 
e Hundseds of bactexia ane present in handful of soil- 
metTS 
5 only afew ave autotxopnic- 


e Most of the bacteuta ane hetenotvoPh 


Pasasi tic “ SapHophytic a a - 
GHow@n) oxigani- a | Con dead 6 deco- Photo. “Chemo? 
-ying matte) -synthetic 


“sms and ane Guowlinride - synthetic 


called @ctobaxasites oxganisms>S axe 
called po haets 
© BacteHla axe Gimple int pl 
1@s5 they show very complex metabolic divexsity as tney cando maj - 
- ostity of Heactions that a complea eukakyote can do. 


e Puokaxyotes con do Some tasks that no eukasyote can do viz- 


belhaviouH 


—o 
3 


ctUMe and vey (Com 


da) (Spxting Ike) 


(f4oumed of Calcium - dipicolinicacid) 


@ GEIS cRound Shaped ) ° Garicind-. 8 Cocct ov 


Enclospone 
~ Flagella 


Tutploco ccus — the conneH ak Sphene 
> £p & OR eoaaqe? ay 


e & § 


singl - Two. Di plococcus 


**Monococcus 


o : 
Chain & % 
StHeptococcus 


\ylacoccus 


Biological Classification 


} : UI _ “77 Archaebacteria 
S * They ave extHemophiles) due to theim. Spectal € 


Hash condition loving 


BAe inst. 


Galopniles CHa Neti estex i ( 


paced r) 4 a ae Oy 
Galbloving = Metianogens genenating 
: factdity rz 


A fiempenat He Puesent in gut of stumin. 
-» Found in 


theumal spxings -ants like cow and buffalo % 


£ CHa pene dung of 


° ONest extHeriopniies? these animals «. BlogAasT 
Sant AlKalophiles 

——— G 2,0 

cold Tempestatuste Pxessunef Bagic conditions *- PH4 


EE ba ct e r| 3 


ap eee 


THU® Bacteria 


s. They ave bactetiia having nigid cell wall and flagella Cif motile). 


(HeTeRoT RoPHIC 


Tey can synthesise thei own fool - = = — Can't make thal own food 
Conly some bactenia) éy nc 056 bact Fev la) 
he Majority ane Hecarneoeen i-@+) HOW 


on dead % decaying mattex. 


= £ 5 Pat keg, a | J , 1 
t- “Fhotosyn thetic: autot Hobs 


Like cyanobactexia oH BGA 


_¢ They have Significant impact on 


means blue E Oeees 
e BGA has pigment ‘Chea’ human affains: 
similar the higher planta po oc AP Making Gis fuorn milk e-9-, 


qpactere cl Hus 


° BGA can be- 


Unicellulast 
& *% 


einai like Stueptomycin € neomycin 


Ch) 
ooo by Sineptomy ces by stuepfomyces 
{ guiseus fuadie 
Colonial 


(fouming “O: + ia AD ' END * €- 
>" SuNNounded 


Colony) in Moots of lequrninous plants 


8 do eae eee [ hm * 4p Gome)ane (Pe 


e t vio #® plant. 
- Colonies: diseases in anim plants. 


© BGA canalso be found in aquatic 
Cboth fHesh and maine wate) 8 
Texmestuial habitat: 

They fox bloom tn polluted wates. 


f 


| Polluted wate has 
4 mone nutyients to 
promote algal guowth- 


; i ‘Typhoid: Salmonella typhy 


‘Citsus cankex: Xanthomonas 
° Ute tanus:4 city 


aan tetany 


© Some cyanobactexias like Anabaena, Nostoc can fix nitrogen Ln 


specialised cells called he 


its spect tic resin SLEEP 


these cells *? Main engyme fox Na- fixation i-e-» 
Hetenocyst cell Nituogenase gets Inhibited by O2- 


a7 Nosmal vegetative cells 


Mudilagenous sheath : genesally Giyespsetaaeeaae)> 


it has pigments :. Provide coloun te BGA 5 it fs 
Sticky provide BGA from dessication as 


_ Biological Classification | 


(NOTE? Mucilagenous % gelatenous coats ane different in nature but 
both can be paesent on BGA- 


2> Chemosiinthetic autotrophs : 
| oxidise various (in 
fon the formation of ATP: 
(NitHite Witnate AMMONIA ~~» Energy HAiitrt0gen 

Phosphate ~~~» Enengy + Phosphorus They ol tn 


Fennate- <p Enengy + IHon Hecycling 
Sulphate ~~~» Enengy + Sulbhur. 


Anic chemicals to wnelease energy 


i Reproduction in Bacteria seme, 
4> Mainly by {ston Hexe, a bactexia divides Into 2- daughter bacte- 

- xiums. 7 | 
) Initially » the genetic matesxial CONA) gets Heplicated. 
* Then, the cell is buoken into 2- baxts. 


Ca ary an 4+? 
unyavourable) conditions. 


gr +: help to cope up with unfavounable conditions. 
Endospone CHesistant) 


. * this ts nothing but primitive type of DNA tHansfex 
fxom One bacterium to anothex - 


Its called * ‘in bactenia which (Ss not tHue sexual Hepruod- 


- uction as no gamete forumation 8 fusion takes place- 
Fesrti Itty plasmid 


cat 


Sex-pili (Tube like) 


> 


©D vuctesia Fesctility blasmid 


*S Feat? lity plasmidis Ont +. xecepient At the end, both cells will beco- 
Ont + called dono 


= 
——— ee ee eee es eee 


18 


een nr ; MAod Enews Ratan 


ESQ\°rNRe 


es 


° PPLO | is also a type of mycoplasma % have S14! 
"¢ They lack a sigid cell wall, pie: can change +ne ir. 


‘Din 


Shape % tus called 


° o 0 v4 
They change thei shape just [tke a(joker changes Nts 
eabuessionS 


ee Mycoplasma ane called as Joker. of Plant Kingdom- 
SIn 2-kingdom system of classification, mycoplasma. 
weue considered plants. 

e They can live Tn aexobic condftfons but can live Without oxygen too: 


ee They axe facul ltative anaenobes (i-e, they switch to anaeuobic Conditi- 


“ons. 
o o 
e Many mycoplasma Can cause dfsease in plants and animals. 


oe 
disease In vee 


a se disease i FPLO 


ea TE 
o Little leary 


Leavesbewme ° Gn 
lime this bstoom 


means leaf te Flowets becomes life leaf 


pee [| [| (DOM PROTISTA Pee RN UE AR AES SLES SOT 


e contains uni Veellulane gash hia 


ane blants as they axle siohi 
‘Aaosiding toa Puotist Scientist, and have cellulosic cell wall: 
they axe bxotists due to nei 


unicellular ’ eukaryotic natuxH1e 


Biological Classification : 


: : ie A 


fission 


: Aygote foumation 
Csimple Mepsoduction) 


Monexna CPuotista” Fungi Plantae Animalia. 
nS RRO Gueeeee 


Unicellulas ==> Unicellulant Multicellulage 
mnonessetee Eukot YoteS Gamma) Eukanyotes 


e+ Pxotista foums a. (ink) between moneua X& all othex eukaryotic 
Kingdoms. 


| chnysophytes Din Euglenoids Protozoa ns 
Plant like Connecting link 


Fungus like | Animal like 
between plants |. ; 
andanimals | * “P*tePhytic 
Mixotnophic 
HetexotHophic 


likeplantsin | and decaying and Fouasitic 
presence of lignt twigs 

Cchi-a'psesent) |. 

° Predato st like 

animals: in abs-| . 


Cail wal preset atti SHMIDSIS | Instead of cell | Usually cell wall Cell wallabsent) 
embedded with | cell wall puesent : 


wall » they havea ts not present 
Bie protein. Hich ants 


° They ate consisted of 


Chighaplat estates, 
and Desmids C@olden algae) 


Biological Classification 


Epitheca 


[ i “GoAPBOX LIKe’ Sstuuctuxe 
oa Hypotheca 


makes it indest - 
-Huctable 


u Pue to debosition of this undestuuctable matestial on base of ocean 


fox Gilli ows) of yeas due to death of diatoms : * 
foxmed - 


° Being unicellulast and bhotosyntietic 5 tese cayenne ane called 
‘Phytoplantons’- 
S leat 


Dinoflagell al s meee 
Rigid cell wall 
Longitudinal flagella 


ayeeN: C 
Transverse flagella Teen 
(present tn fuinow Bstown: Xar 


between wall plates) Blue: cyanine 


Tides apt 


It secxetes some nypnotoxins alled 


GAkl- tOXINS nat can kill othe maxine 


animals neasiby - 


Short flagella e-g-» Euglena 


Lona 
flagella 


Nucleus 


fe alan Sa ia aceon VT A Moulds 


L* nue Walls -- Protection 


apie wall 
au eau ee Spore 
Plasmodium Piaemoaiuny alge: 
Slime mould -“entiates into a 
HuItiNng bodies sinntin Y GI In 
5 9 Fotuiting 
Body Favoundarle 
Slime moulds aqquegate . Conditions 
Aman enapienioh oe He geuminate 
can 9x%ow upto several feet. Spore g 
ee to fostrn new slime 
mould 


ESSE Protozoans mummies 
7 G@agellated | Gpostozoans 


Can be found i in fue Tey are aajuatic. | They can be fuee Usually paxasitic 
“Sh water ,manine € they move active -| living OM banasitic | like Plasmodium 
water om moist rly because of cilia ll cenaleseut cana? 
— a3 a + site). 
‘Plasmodiai 
be of ciggentent 
types: | 
Guillet fori entyy of 3 5 Lae cemmeny 
foodand watery Falcipasum :Cause 
malt ignant malania 


Maxine foxms 
have 
: setae surface 


P- ovale: common 


—— FUNG] sees 
e Finst antibiotic | Penicillin’ jo fsolated ftom Penicillium notatum 
which ig a fungus: 
. Kingdom fungi contain eukanyotic on ganisms that possess cell wail of 
(chitin (a polymex of sl) “glucogamine)- 


e They ane mostly § in natune- 


Fungt ase genenally filamentous except They can be apse phyt  Panasitic 
a few liKe/ yeast CSacchaxo myces) which on dead and r 
is unicellula bee Te on) 
called(Bakest's Brewer's ae oxganisms 
Yeast when usedto = when used to make y o£ 
alcohol ‘In? EndopaXasi es 
make buead on: Ectopanasites 
KEY POINTERS ° 
DSA USN ot ° white Spots on mustand Fungal Xashes 
and infections 
In animals 


Association between Fuv ngi ar 


Algae — 


* give food ungi 
Root of Gnd) | 3 : sotto tg 
© willgive food to fu ngi Fung! 
+ T sunface axea fos H20 
4 mfnexalabsoxption 
- sunface aneat for water + Provide avisitere +8 ulqaa 
and minenal absonption — oS | ee aue sensitive to 
° Puvvide puotection/ coverting + theycan't grow In 


to noot against pathogens folltted aveas- 


Soa eeneee ee 


Biological Classification 


UH a .UELeENoids sn 


short flagella e-9+) Euglena 


Long . 
flagella 


Nucleus 


conditions conditions 


sd Plasmodium diffe- 
Sitme mould -yentiates into ae 
suiting bodies Fnuiting by aix In 
Body favounarle 
Slime moulds agquegate Conditions 
te, mate ° EEE nat ne geuminate 
can gxow upto several feet Spore J , 
Ae Spee 4 to fos1rn new slime 
mould 


Protozoans EET Ee 


Usually panasitic 
like Plasmodium 
Cmalasiial baxa- 


ic | They can be fuee 
living on Pattasitic: 


‘Plasmodium 
be of ctiggertent 
types: 

P- vivax: commont 
‘Ps - falcipasum :Cause 
: malignant malaia 


Mastine foums 
have GARR on 
| thein, deh 


Gullet for entry of 


ristolytica | foodand waten 


Cause amoeb-| 


le dusent 
zi yoenteny Pe ovale: commons 


gee — eo or ee ee em -— — 
— me fet ee aa ea = 
; a en) . = a on om — = — = oe on 


ST =m FUNGI — : 
e Finst antibiotic! Penicillin’ ja fsolated fom Penicillium notatum 
which is a pungus- 

° Kingdom fungi contain eukanyotic organisms that possess cell wall of 
(chitin (a polymex of N-acetyl-glucogamine) - 


e They aHe mostly multicell 


Fungi ane geneva sarentous e=<Cbt They can we ipROPAGROn PRAMS 
a few like (yeast (Sacchanomyces) which on dead and : 
rf : decaying maltex. : 
is unicellulase ees ayingma They livetinox oh) 
called 4, aed 
Yeast when used to when used to make pik tee ppliee i 
Ico hol In: €Endopaasites 
make bxead Qa 


on: n? Ectopartasites 


Fungal Xashes 
and infections 
in animals 


eis SEEN 


ingiand a 


* give food to fungi 


e will give food to fungi Fungi 


T sunface arxiea fox H20 
& mfinestalabsosption 

“ sunface aneaf for watert ° Provide sheltex to algae 
and minesal absosiption (GRD Lichen axe sensitive to 
© Puovide puotection/ covering S02. theycan't grow in 


to soot against pathogens Polluted areas - 


= Biological Classification 
Hogic 


den , jong , hai 
Sand they axe foxmed up of tnin, sien »1ong y 


° Fungi axe/fila 


iWke stuuctunes ae These hyphae can be septate ox oe 
Pe 
mv 


t Septa|cosswalls Septa absent 
it forms a ent : 
ake called I axe pxes ; 

Mycelium 


Coenocytic 
Sepia one nucleus Cmuhinuclea- 
beuxcompantment — -te condition) 


“.Acoenocy tic 


Unbsxanched — Se anc @uanched 


hyphae 1s found in CEEEEE om, 


nyceteSand septate, bs¢tanched 
hyphae is found fn Hest all es ascomycetes , basidiomycetes & deuteXomycetes. 


enocyt ric 


Reproduction in Fung ee 


RiP vegetative neproduction : »ESoA budd 11n 9 
Ki} Asexual neproduction : > By G@SeRie 


-oSpoxe 8 Spoxangiospoxe - 


ial xepnoduction > Sexual Spoues like GStospoxes s(Basidiospoxes 8 


and fuagmen 


poxes like Conidia » A00Spone , aplan- 


@Bsponest ane Involved - 


* Gamete fusion X zygote formation takes place. 


Thexe axe (3+Steppin sexual xepxoduction ‘ 


ee asia 2- motile ost non- motile gametes come togethest 28 tneise 


ie yecee: uses 


5  Mefosis @ Spores foumed 
aera rrrrsen 1 fruiting bodies 


Compatible hyphae Sica Qn) Aygote 
Stage 


Eat eee ee 


- Med Easy Botony 


) ag 


‘Phycomycetes gepmacelse BASIAID mycetes Deutexomycetes 
t 


° Dikasyo phase 1s mone petolongedt in RecOrNY CIES 4 basidiomycetes 


Obligate! Panasites Bae fungi €-9+> Common mush- Decomposens 
on plants Tt = -xoomM Conganic to inoxganic) 
€-9-» Sacchaviomyces J 
é “do rminexal cycling 


eThey aneCoprophiles Reproduce mainly by 
e-» AUNG loving fijagmentation -.asex 


* decompose dung = "al Spovles ave usually 


not found- 
Coenocutic and septa- septate and id bxanched ‘septate and buanched “Geptate and buanched 
hypvace_- huphae hyphae 
Pikanyophasef Dikanyopnase ft 


-PposeNns- 


~ftfons like decaying 
eas Antibiotic: Penicillium 
(Edible: Moxels 6 Thu 


Repnoduction: 
e Vegetative: fuagmen- but! pangs enc 
-tation Cvery common) Ongane Aste ae as Hebyoduction IS ab- 
eAcexual: via spoxes ' -sent)) _ 
“2 somatic ox vege- , ¢ ; ee 
Asexual HEpHo 


oospores (motile) ; ; 
Aplanospose (non-motile) ee ae ae ase ae 
; bose to make zygote: 


Fruiting body Foquiting bocly | 
(ascocatp) Cbasidiocaxp) 
(Ge B Sponangia Spowtangia 
: Fascne) Cbasidia) 
AScospove 


i eta i — Basidiosposte| 
. (exogenous) eas 


duction done onlyby 


(anend mould) Bopengilus @reviceps 
‘4 make LoD 
% alkalo}) 


s — 
jaa see ike “imate, fici Sm Oo to eee ie, fend gon a PD OS. aS OL NS 


_ Biological Classification . 


Oy 
et NS oeWilia 
Eaeta io called as PHOSo; 


6 of brochem| Sty - 


Adi-e-» @Aplanospone 6 (AScospone ane 


=. ) a 
miantk termacdor 
oF Pla ne 1¢f gaon) 
may) A 


“dely in expeniments of genetic 


(NOTE: Both Spones Starting from 


OID AND PRIONS= 
a eet 


me RUS, VIR 


\ulax ouganization 
They all donot have a cel ul 7 9g 
>, ane non-livin 


rf “He Whittakex 
“ They axe not placed undesx any Kingdom by R 


Virus 


* They ane @bligate) Coompulsaxy) pa 


' rf utside host cell- 
cuystalline particles outside | 
he. 
° But, when they infect Wost cell, they hijacks ou take ovex the machin- 


and they enetnuct host cell to make mone vinuses. 


as they behave like inext 


Kans 
—mALt oe. 
AAaADILeS 


Pnotein coat CNon-infecttous) 


More Vinal panticles 
axe syninesised 


Vinal DNA gets which can in fect 
Integuated with move bactexia 
bactestial PNA 

Plasmid 


Bacterial 


Contribution 


Discovered virus; identified that mosaic disease in tobacco is due to 
an agent which is smaller than bacteria (ie, it can cross bacterial 
proof filters): ce OS ee OR ne 


Called virus a “ 


Living Infectious Agent” or ‘Contagium vivum 
fluidum’. 


_ | He crystallised 


) virus and said virus crystals are made largely of _ 
proteins, set SSS eh Os Ses eee e 


at ae aase ania atislabant Aiea ha Teo tt ate 
ee ee ee aes 
=e on 


ee ae ej a l= “a mm 


Med Easy Bot” 


r) Vimaus is Qa ereTsi ey a 
| nucleo conprotein pasxticle 


‘i Lt coves the genetic matexial 815 called 


e Any VIMUS Can contain CONF 
inex NIA OHURNIA), but UP sihiich te rails af manyiamall eab-anrs 
called ‘CAPSOMERES’ 


neves. both | & 
J e 


e Every VINUS Contains Can be annanged ‘helically’ 


GEE genetic matestial: canbe annangea © 9xin Tobacco mosale 
‘Polyhednally ' Vimnus(T™y) 


e-gsin Bactesiophage 


Nucletc acid 


B Bactexio phage: dsPNA 


rcapsid—— 


B Plant vinuses: ssRNA 


B Animal vinuses: dsPNA, SSRNA | 
and dsRNA a Polynedal 
2] capsid 


Tail fibers Tall plate 
© Common diseases caused by viswuses: 


Fh Herpes 4 


th 5 dwanfness 5 


Tn fluenza 
MumPS 
Small pox 


Measles 
Rubella 
Polio 


CT 


° They axe smallRNA molecules of low moleculax weight without capsid. 


° Discovened by T-0-Dienesin 19F4 

* Vinoids ane Emailed than vinus) ag they lack pxotein coat. 

- Tt cause Potato Spindle Tubest Disease @BBTD) tn Potato due to which 
botato become spindle Shaped cinin) + yield 


pm me pee pas pe eae hes as es oes eo me eee awa nnn aS Se ae Se 


Biological Classification 


TEES P pi Q pS SRN 
o Proteinaceous infectious particles having Size similan to vistus- 


B® stnuctune of poten 
Cw il wonk efficiently tn ourt cell) 


(@stuuctune Fors 
of puotein ‘ng 


Can accumulate in out botain 
”.cause Several diseases 


encephalopathy (BSE) in cattles 
e (CH uetzfe lat CC) Jacob dicease in man 


Med Easy Bott 


two renee system of classification - all cell wall containing organisms 
were considexed plants but now only algae, bryophytes, ptenidophytes , 


gymnospenms and ele weve considered blants- 


B ARTIFICIAL SYSTEM CBy Linnaeus): Eauliest ystem 5 used only gross 


Supexfictal chaxactes like abit, colous , numbex and shape of leaves. 


They axe essing aseectal by the f 
envixonment *: leaf of Same plant ere) (CL H20 con 


Species present on diffeuent loca- 
-tions have diffexent mo%phology. 
Acconding to this system , simi las 
oxganisms canbe placed separately Be 


vice Vestsa +. need fou a bette sys 


‘Natunalapzinities oF oxtganioms. 


2 All natual chauxactests The moxphology , : ‘Anatomy ; Diiast Ructiiees 
embuyology 2 Photochemistuy studied. 3 ee 
*Itis 0 CRED system than axtificial system * < motte chanactere axe otudied- 


° 4 wTttiA nNawyu 
- ssigication system for anglosperms 2 was based onEvolunienany 


- ships among oxganisms. 
° Phylogenetic system assumes tnat onganisms 


ve NCoMMOM ancestor? 


belonging to Gam 
In this phylogenetic tnee , ‘D' is mote common 


to'e' and less Common with 'B' as ‘'p' and ‘Eé’ have 


commen anceston named *C 


e oe o 9 Qo fa) 
& When fossil evidences aXe Missing ; we use all available information fon, 


Classification puxpose- Some common metnods ave descuibed below: 


NUMERICAL TAXONOMY/ PHENETICS given (by) Adanson’: 

Plant-1 Plant-2 ° - ——— | 
eS It is based on GUMGHSEAUABISRCHMACHE NS, 
: "eee =] tpoint & Numbests and codes aue given to hundveds 
ZERO = of chastacteHts and ave processed by 


‘Point computes. 
-ZERO z ; 
ipoint ° EYUAL imposttance Cmanks/ points) axe 


zero | given to all chanactens- 


@2RMIGAERD Important & non-impostant chanacters ane given equal masks 


Ze Scone I> not steliqble- 


numbext , y efancuine arid benavior. 


 <CHEMOTAXONOMY: Based on GHemicaD constituents of plants. 


lFke proteins , lipids, nesins » Gums » Spices, nucleic. acids ete: 
* Rauiserfia): It Stones Hesenpine Ccontrols blood pxessuxe) 
- Ginebra: It stones a chemical called Quinine Ctseat malastia). 


es Comparison of Various Plant s mesesmmeness 


ry 
when we move fuom anaes | to pnoleshenins » We See an incneasing tHe- 


a one tn - complexity: 


oA Med Easy Bote 


Algae 


Thalloid body 
(true root, stem 
and leaves are 
absent) 


Main plant body 


is 
“Gametophyte™ 


Gametophute is 
photosynthetic 


| 
| 


depends upon 
gametophyte 


Sloth beaHx & bean gets gueen coloux that help 


and sporophyte 


| Vascular tissues 
absent 


Bryophytes 
Thalloid body 
(true root, stem 


and leaves are 
absent) 


Main plant body 


is 
“Ca metophyte” 


Gametophute is 
photosynthetic 
and sporophyte 
depends upon 
gametophyte 


absent 


Vascular tissues 


him +o hide in guasses i-e-, Eami 


ecFonimiand’ size of algae is hight y@ariable> 
€-9-, Volvo | =ColomialpCits colony is called coenobium) 


° Filamentous stuuctune in Spinogysxta % Vlothnix 


Pteridophytes 


Non-thalloid 
body (true root, 
stem and leaves 

are Present) 


Main plant body 
is “Sporophyte™ 


@) 


BOTH are 
Photosynthetic 


Vascular tissues 


(xylem and 


gl ees ey’ 


ouflage. 


Gametophyte 
and sporophyte, 


phloem) present 


1? 


Lo 


fm of 


nO 
Hexe, algae dextive water fxom Moists 


Gymnosperms 


Non-thalloid 
body 
(Complex body) 


is “Sporophyte™ 


Sporophyte is 


photosynthetic 


and 
gametophyte 
depends on it 


Vascular tissues 


(xylem and 


phloem) present 


Angiosperms 


Non-thalloid 
body 
(Complex body) 


is “Sporophyte™ 


Sporophyte is 
photosynthetic 
and 
gametophyte 
depends on it 


Vascular tissues 
(xylem and 
phloem) present 


‘ MaxineKelpCa brown algae ) is 
puofusely Cheavily) buanched 6 
Can s1e€ach upto a height of Goons 


ah“ it jt so ‘tl in, pe, ce a i ee a a es ee Be, i 


Plant Kingdom ~ 


a Reproduction in Algae 


By Fragmentation where body fragment of an algae makes complete thallus; 
e.g., Spirogyra, Ulothrix 


By making special asexual structures called spores; most common spores are 


zoospores (motile) te 
Non-flagellated: Spirogyra 


Isogamous (similar gametes) 
Flagellated: Ulothrix 
Anisogamous (dissimilar gametes) 


Oogamous (special condition of 
anisogamy where female gamete is 
large and non-motile and male 
gamete is small and motile 


Sexual 
Reproduction 
(by 
formation 
and fusion of 
gametes) 


Eudorina 


Volvox and Fucus 


Economic Importance of Algae ===, 
* Algae is a plant <-it will do pnotosynthesis. 
6EO])+ 6H20 —> CoHg0g+ Opy reese Oa er 
| 6112 < -els inits fmmeg. 


ie “late envistonmment 
They axe PxoduceHs of food 8 thus 
they fom basis of 


aquatic habitat 


Algae do atound 


Your 
> 0°): 


ood) chain tn 


axound &)Epecie® of mastine 


algae ake used as food- e-g.; 


° o 
@Ga® fs used commercially as a 


; 0 9° P 
Solidifying agent and fs 
from Gefatinn « Git 


obtained 


on He medi- 
m to JXOW bacteseiq x¢ fr 


° Makin 
| Iee-cHeam 28 jellies. j 


— me ee oe oe 


AAnA Can. Data — 


SS ———— 


Simple algae Coreen) to Complex algae (Red) 


Chierophyceae | Phatophyceae Rnodophyceae 
CGreen Algae) C Brown Algae) CRed Algae) 
Grassy green due to Chlorophyll ‘4’and'd‘ and 


Chlorophyll 'a'and 'c', 
Chlorophyll-‘a and 'b Bas aL bial 


carotenoids 6 
Xantnophyi\ (Fucokanth- 

‘erytnro means 
- Red algae 


-ine)- 
* Olive greene various 
Shades of brown dep- 
ending upon concent: 

of Fucoxantnine- 


red 


Fresh water (some), 
brackisn water, galt 


Fresy water Crare) » 
Brackish water -S 


Salt water water eo 
ViBGYORS 
TY ag eliengin? occur iN warmer areas 5 
re J are found near surface 
Frequency 4% ef ocean or ‘in 
° Blue light penetrates aimat 
déep duetp high freq: depins- 
and is absorbed by | 
red be 


| Most of ted algae are 
multicellular and 6ome 
have complex body — 


Fiaeaenteue: etoearpus 


Colonial: Volvox 


Filamentous: Ulothrix. baler bese ~ sat ig ae 
Spirogyra , = ae ? Most complex 
2-Flagella- unequal & ee 
2,8-equal gp iateral | a bah 
and apical ‘|. Flagella Abseat 
Pyriform croarsiote) %! : 


ebere *S obisia 


cellulvset Pectin 


inner layer Coellulose) -innerlayer Ceellulose) | COMmOeT TS 
outer layer Cae ne poysulpne 
Cpectose) | 


cA a acs Faia oe ST ak i ah ec TN Sarl ean a mm fom ent Sa OO Ol I eg ee RS ee 


"2 Plont Kingdom’ ~: | | oh oak : oe ey 


Food sivred as Florid- 
-€an starch which 1s 
branched and has 
structure Similar to 


k- onal Brijpiopecs 


Most members nave one 
ormore Storage bodies 
Goalled PYFEHOIS) located 
in chloroplasts. 


Brown cold-drink - 
means brown 


algae +hat 
has units of 
Volume- mL 


Pyrenoid 


Some green algae. store 
food as ojl droplets. 


Vegetative: Fragmentation 
% clijpenent types of 
Spores) 


Asexual: by flagellated 
Zoospores formed in 
Roosporangia 


Asexual: by pearshaped) Asexual: by moriemnsiile 
biflagellated Xovspore | Spores 


Sexual: iso, aniso < 


Sexual: iso,aniSo~% | Sexual: oogarnous 
oogamous 


Oogamous 4 fertilisation | accompanied by 
takes place in H20 or | complex post fertilics. 
-tion cnanges 


bess focus Dude 
Zz e 


@ 
Pee sical salir 
yor Sune 


, Spiregyra Olen = 


P: cea cpnilhi 


G: Gracilaria 


=m BRYOPHYTES 
e They axe called as (“Amphibians o§ Plant kingdom’ as they can live on soil 
but axe dependent on water fort thein sexual neproduction: 

They aste present near water only - in moist {damp humid and shady 
place neax the hills. 
e They include liveswont and mosses (mone developed )- 
© Thallus of bryophytes is mone developed than algae. 
eThallus of bxyophytes can be prostate on emect , and attached to soil 
by unicellulax oX multicellulast shizolds (soot IKe)- 


+ Main plant body fs gametophytic / haploid: 


Antheridium 


sie? rl Mies, 


Some cells of Spore - 
~phyte underge meiosis 
@@@ Multiceliaar 


@e@28e@ 
Ary) Sporphyte 


Fiask shaped 
; Mitosis 
4 rchaegon ium 


pia se Dain 


-etophyté for food: 


Economic Importance of Bryophytes == 


B Mosses ane used In vaxlety of things like: 
GP Providing food) to many mammals , bitds and other animals - 


aip Sphagnum puovides(peat b Vereceent ae(fuel) 


now used as (pack Liab fox txans- shipment of 


living matter fies thei capacity of holding waters - 


pce pa Be Pl ee PS eee eT ee Ee Pe TP dl call oti ae oF wr at wl ans alia 


Plant Kingdom f @) 


diy Lichen mosses ane fitial organisms to start life on land: 


S Cetyst) Rs These Soll panticles que prevented from erosion) 
oxganism that secnetes by buyophytes that makes dense mats on newly 


acids to foxm Soil from formed soil- : : 
yocks.- * Vegetation can be done on this soil furthest. 
Liverworts 


© : ° ° manusn 
* Grow usually indMolst and Shady) habitats like bank of Streams , r 


ground , damp soil, bartk of +iees (Should be moist) » deep in wood (shall 


be moist) etc. 


jini structure i-e-s Hoste| Boys pe Structure j-e-, 
Antheridiophore 
Acchegoniophore 


Gemmacup se Thallus is doxsiventHal 


Dousal side Ventstal, Pat 
willcontain = will contain 


gemmacuP 8 sihizoids! 
antnestidio/ 
asichaegoniophoste. 


, Rhixoids 
-Q-Thallus of Marchantia 


_ “Thallus is closely 
tothe substuatum by shizolds 


© GS2RaD reproduction: 
di) Eagimeritat tar of thallus 
Gly via asexual buds called ss 
Gemma: specialised queen, mutticellular > asexual Baa 


BRIBED: ral veceptacte Cpiatfonrn) 


ee ae A Mee mas: ew: wey oat San ou aa we to me ea ea 


“ag. 


5 Paxent body 2 germinate to give pise to new thallus: 


Deporee 
| germinate 


@ Gametophy te 
(Free-living) 


«Foot, seta and capsule axe nepyesenting @) sporopryte- 


© oi a d , 
nd @ Sex oNgans may be pyesent on Same on Atffenent tnallus: 


Mosses a 
«The @) gametophyte Cmain body) “i mosses will have 2- stages: diy The 
cpHotonema CI"and 2°) and All 


Gexminate 
Give HISE to leafy stages 
which 1S upuignht > slend- 


@ spore 
Ccneeping: green, “tenia °-Pyotonema) ~ex 8 bear spinally 
-nched & §flamentous) (mone bonne) aunanged leaf like 
4 “Tt contains buds» ae 


Vitis filamentous »it | Tt shows budding 


can Show ¢xagmentation 


TS 


re 
HIG HLIGH™ P=) 


{each auchegonium 


) Sporophy- | oo : 
° Sponopnyte of mosses fs mone elabon- 
l-ated than Ifvenwoxts and spore, dis pex- 


sal mechanism is also elabonate in mosses- 
FPS: :Binania Polytrichum , gale 


seta %& 


; 

1 

: 

: 

y | 
capsule - 
| 


C-9°9 


Capsule 
Amneridial — *. Branches —- 
Branch - 
i. 
2) he Seta 
Leaves 
Archegonial F| 
Branch @) 2 | 
g | 2 Main axis 
| A+ Rnizolds 


Fig: Sphagnum 
Din PTERIDOPHYTES 


* They include honsetails and fexns. 


1H 3) 


Soilbinden- come afte buyophytes to prevent soil 


C+ oSlon- 


Ts) ty Wave vasculax tiscues. 


© Found in Avene a 3 Some may floustish in sandy soil. 


° Ther main Plant body fs Spovophytic QA with ‘TRue’ Hoot, stems 8 leaves. 


@ Gametophyte -small, inconspieu - 
“ous. green, multicellular . photosy- 
_ Spores ~ nthetic ~ PRoTHAI eas) 


ee : : Mest Facy ‘Rotony 


PROTHALLUS needs 


¢ Distxibution of ptesti dophytes is usually (imtted as 
(Dates) fon Txansposttation Cpstothallus is usually bisexual). 

* Leaves of Ptesxidophytes ame Small Gmigiaphyl)) as in Selagineélla and 
lange CMacHophyll) as in feuns: 

‘ Sporophyte i in ptexicdophy tes beax Spontangia which ane subtended by 


leaf like Stauctuse called Spo ophyll- 


Insome cases, these SPonophylis can make a 
- o 
asin Selaginella, Equlsetum. 


° Most of ptexidophytes ane homosbosous Chave only one type of spoxes) 


Selaginella and Salvinia- 


but Some may be ‘he etemosPorous like 


i 


Have 2-Types of spores @ MicHosposte: give Hise to d’- gametophyte 
ave arly o 


@ Megaspone:g ive s1ise to 9 - gametophyte 


j'-gamete will seach F- gamete fox fentilisation ,*+ Zygote foumatioy) 


and embtyagenesis will take place in Q- paxtt- 

“: 9-gametophy te isis on parent sportophyte fox variable pexiods- 
© ae develops into embstyo, in 9- gametophyte 2% this event Gena 
bit Ci-e-, in highex blants lke gymnosperms and anglosbexms , 


Ptni no-) 
etal yjcog 


the seed will develope). This is an impontant step in Plant evolution 


Internode 


selaginella 


< Sronch 


6olvinia 


Rnixome 


lant Kingdom oe 


ee 


Examples | 


GYMNOSPERMS 


— 


been ped 
QUREB Seeds 
. Gvulés ane not enclosed by ovaxty wall i-e-, they voill 


Psilotum 


Lycopodium, Selaginella 


Equisetum 


Pteris, Dryopteris and Adiatum 


Hemain exposed 
befone and after feutilisation (-. seeds que not enclosed by fxult). 
“GERD Gymnospenms includes GRAS , HEdIUM on €all tees Clike 


Sequoia ont giant Hed Wood tHee which (5 one of the tallest tee Species). 


To support such tall txees , 


ete eT recat com RY A ‘ ° : 
“eRoots of Gumnospenms can make association with othes axganisms too . 


CFungi assocites : (Ges make association with 


with Hoot of Pinus) fox Ne2- Fixati on 


* Leaf: May be simple/ compound. 


= In Ge » pina tes Caves pessist fora few years. 
Gymnospenms axe well adapted to withstand extreme tempexatuxe, 
humidity and Wind: : eS . 
Conny EX ITke CREB, FieeAIE tte 1eaEs 


tnat tn fact Heduce Me water loss. 


Heduce the suxface anea 


Thick cuticle and Sunken (deep pitted ) Stomatacalso Steduces the 


Water |o5s.- 
40 — os aceasta ec ear ae scat 


. spoue beatin le 
sp g leaves fn AYymMnospeuams i-e-, led ate arnanged 
gpistally ae, the axis ty Mie compact Gtx | a2 


°G y mn os perms awe \ 1eCe AOSshboxtoaye > 
They contain 2-Types of spores A) Micryspore _germoate d'- gametopnyte 
@® viegaspore EMA», 9 - gametopryte 
5-cone GD 
1 4 Q-cone GD 
zal Microsperophylls @ Megasporopnylls @ 


Si Micrespores @ Megaspores ® 
j Micresporangia QD Megasporangia 


Microsporangia. Qn ] 


‘ 
Microspore GD 


| mature 6 clehydeate 


Pollen Grain; (n) 


Cé-gameto pryte) 


@n) one og these nucellar 
Mitosis Cells become 2n) 
=. Megaspore mothercell 
Aocmore , 
archaegonia 4-megas pores one nucellus 
Mutticellular 9 formed  Cel| becomes megaspore 
Geers i mother cell 
3 of them degenerate 
and onedivide by mitosis 
Pollen reach to ovule 8 ee 
release d-gamete near “2. Gymnosperms 28 anglos perms are cliplontic » the 
9-gamete 60 that xygote gametophyte cannot Live independently: 


Can be formed: 
J. After Fertilisation » 
Zygote ——> Embryo 


Algae like Volvox, Spirogyra, 
some species of Chlamydomonas 


5c 5 Gymnosperms, angiosperms and 
= Fucus 


GumnospenHms 


Bryophytes (n»2n); Pteridophytes | 
(2non); Ectocarpus, Polysiphonia, | 
kelp | 


Haplo- 
diplontic 


— a oo oe oe 
os ee ee ee ee ee ee oe es 
-— 
— ow oe ee ee ee oe ee ee oe ee oe oe —— —-— =o oe oe - 
—— = 


Med Easy Botony 
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MORPHOLOGY 


OF FLOWERING PLANTS 


KATHERINE ESAU 
ie } ° She absolutely dominated in the field 
of * Plant Biology ’ even at the age of qq. 


By ° She was elected to ‘National Academy 
= of Sclences’ and became 6m woman 


Hecelve this honous. 
° She seceived ‘National Medal of Scjen- 


Se . a 


- ce’ fxom Puesident Bush in 41969- 
(1898- 199F) | 


Hex early’ publications Published plan’ Published ‘Qnatemy) 


depicts that Euslyitep oe in $954.  @PSCCATPTARID in 1460. 
| ay 


GRUB spreads tough 
Phloem. _ This was called ebstex> 


MORPHOLOGY 
mal stuuctune Study 


* Mowphology is tne erety of external stnuctunes which may be * 


o Vegetative : like soot, stem and leaves 

B Reproductive : Flowest 

w Products: of sexual nepoduction :Fuuit and seed 

of these organs for stovtage , Climbing, protection etc. 


ave “ales studied undex men pheoey 


Flowest 


A 
Positively Ctowaxds Sun) 
Negatively geotnophic 
Stem: easily stem ‘1s gueen % late stem 
It 2% @ 
Cabove the gxound ) : pes IS dank buown 
: axtilaxigisuad: present at @XiNor 
Developefuom : _ 
: e to buanch 
Plumule. ) leaf 3 give HIS 
i Internode T j? Leaf: guows latenally Con sides of 
; Stem) & gxou acxoPetally 
s youngest at 
tip 
: Tap xoot 
Cundexgxound ) Hoot System Oldestat 
7 7 Leaf i's Base 
Develope from Positively ) geotxophic gueen, Slat, photosynthetic 
Nectele Negatively bhototxophic Stxuctuxe 
THE ROOT 


Types of Roots : 


pro ¢ 
auise Fxom IM some plants, 
pres ¢ stem) ° 


Hoot ay 
: cage Shot lived Large no- of ae 
2’Hooty) Ox 


3°x00t : | ee oar bxous Moots. PAMt Ghesanam 


Latewalsoots _ Meplaced by _ 


dies ney oot 


. cS “9+9 . Grasses, Banyan 
C4 ° E St 

© Poot and all its buanches =. 6-99 In most Mee, Monstena-} 

constitutes ‘Tab Hoot System’. Gioncror® like-wheat | 


a +99 Most @IGED like Mustaxd: 


peer tee ce Oe rh SRL ete - Adventitious moots 
: 44 eS m ewes ante ; CORE Bebe open oe Mame ieee aoe SE ee 


» 
ce =e ee 


Regions Of Root sp 


Cells matuxe8 
es : Root hails: they incvuease the 


differentiate 
= £. sun face axvea of ag fou H20 
5 cellwall deposit- o 8 mineral absonbtion 
-ion completed ; calls elongate :. vaeuolationt 
Pxotoplasmic new cell wall deposrts 
modifications Small cells; lange nucleus ; dense 


Puotoblasm 3 4nin cell wall 3 abund- 
-ant blasmodesmatal conections 


me - Aivideiconti nuously 


fo) 

+ 

= 

oO : Hs 4 
& wate —: \ F Root cab Cthimble like) 


* Puotects cells of menistmatic zone 
° Make xoot'S way tivough the soil 


Modifications of Rotts EEE 


eThe main functions of roots are: 


(ree orption of water #* eiperats 
__ 2 When roots deviaies from these 


‘functions 36 do someting else; 
they are said to be le Tae in their 


Shape, stru icture & fur 


also done 


eIn plants like Rhizophora the 
Store food . - roots gtu) upwards Cnegativ- 
F Hanging eg -ely geotvophic) which are 
itiow i called pneumatophores’ 
lower nodes helps te get a bgeaterteree. ~<a ‘ 


Cate 
eg 
Stilt mots Pneumato phores 


-. pneumet- 


via Tap roots Tree- 
€-9-,Carrot » We d te 
Turnip Prop roots snercone > 


soll . 
"In Swampy / marshy areas, its diye to get amace from Se 


-oPhores comes inte picturé- 


Morphology of Flowering Plants 


eee | | S] Eee ey 


*Itis ascending pant of plant which axise from plumule of seed 


eTt cannies and internodes (Space between 2- neanest nodes) 


‘leaves anise fom these places 
* Stem also beaX buds: 


TeHrhinall/ apleal bud) 
Csfngle) 


GRNAGEUAS cmany) 
sf 


these buds modify themse- 


-Ivesto make many tendails (fon Suppowt) on thovins (for protection) 
= Gunctions) of Stem: f 
. Provide Siuengi 8 support to whole Plant 
* Helps fn GANS posit of H20, minexal , photosynthates 


° Beaw BHANCHES whee leaves, floweHs, guuits ane attached 
° Benave as an 


lo: €-g-, eye of Potato, Stem of Hose etc- 


senerehecme ge ha See Soe SR Le ee sel Megs 
C = 
4 ‘or p tion 


a RECT a aa oe ea pa 
or-perennation’ |) ng pla ant ts tide ov ul 
yak See era PAAR eee a : Ly i 


For ones 
(“Zamin” means 
ground -. 
underground. 
stem of ——-- |: 
‘Zamin‘kand and” : 
similar looking 
a will be 


Tall msikand 


"For Protection These are 2 pointed woody structures fctued by modification sf axillary 
(Thorns). bud in BC ie. in » Bougainyillea, and Citrus | 


For 
photosynthesis 


Fleshy, cylind- 
Asiical in Euphorbia 


4” becomes flat 
VN Opuntia 


It hel se ' 
grow thee ( and strawberries to invade new areas (niches) and to re- 
m \generation of new parts when old parts die) really fast 


TRICK: We can Hun on guass +Hacks wnexne 


Stxawbensies can be puesent 


“ Runnests in guass & stuawbexny 


Stolon 
Slendex, latenal byanch 9now aenlally 


and touch the gxound 
e-g-, Mint, Jasmine 
os : 
TRICK: very small sized plants «can 
be Stolon 


The internodes are small (.. nodes. are very close) in lateral branches of 
several aquatic plants like Pistia aod Eichhornia (water hyacinth) 


Offset (in 
aquatic plants; 
helps in 
vegetative 
reproduction 
too) 


Sucker 
grow hostizontally {initially and come out oblique 
-ly CSloping) 


TRICK: PCB 
Pineapple 
Chrysanthamum 
Banana 


eS LEAF 
E They axe flat , queen cpnotesyett ae axwanged ac aewopeta allt i 


on 1 stem bHanches.- 


Morphology of Flowering Plants 


B Leaf has S=Pante namely : leaf base , petiole & lamina- 


eosient | leaf towands light «> light Tt __ Prtovides stigicity 
eHelpleaf to fluttest CbHing Mesh aim) ¢-Temp-y 


Stem and channels fox 


Vein & veinlets ] ‘THanspont 
centval midnib 


Axillaxy 
Bud 


Node x ERIE: a EE 


» {=H | ! (ami na 


2-small lea liKe § Bas Cconnects petiole to stem) 

Stxuctuses called It can show 2-tybes of modifications + 

may be dip In monocots: It makes Shea that covers the mono- 
Paleee #, -cot stem partially ox wholly 

Alix In gules plarits like pea os pulses, it swells 


Tf present» plant 
1s called stipulate 
€-9-) Pea 


” Tk canbe photosynthetic Cas it te leaf like) and protective 
Ccan pxotect young developing leaf) 


———————— Venations ESSE EEE 


veinlet ets) of cat 


° vine velnlets can ‘intexsect 


Intexsection Points | 


€-9:9 ots 
cealydon 
eg Gste 


Cotelydons Ne ee ee 
e ieee — * Monocots ane usually euimentaus 
° » Dicots. axe usually Gf 0 cerarnens, he. thei flonat pants ave Tn 
oe means hua floral pants: ane in | multiple OF oy sqiulttple of 3: 


Oe a et a a ae 


B Leaf has @=\Pants) namely: leaf base, petiole & lamina- 
eosient | leaf towastds light -- light 1t provides Higicity 
eHelbleaf to flutter Cbring fresh air) sTemp-) and channels sox 


Vein & veinlets A] THanspout 
centval miduib 


Axillaxy 
Bud 


Node 
eaf blade/ lamina 


2-small leaf like CEEBEE ceonnects petiole to stem) 
Stsxuctumes called It can Show 2-types of modifications + 

may be dip In monocots: It makes ‘Gyea! that covers the mono- 
puesen 2 -cot stem paxtially on wholly 

Ai In leguminous plants [ike pea ost pulses; it swells 

If present» plant ) 
1s called stipulate * moke ‘“Pulvinus 
€-9-3 Pea 


Tt canbe photos yninetic Cas it is leaf like) and protective 
Cecan haotset young developing leaf) 


Ve nations OSSD SSE 


. it is cutangement 6 Sof) vein 8 'V 
© tis of @itypes: tae 
PARANED (veins 8 veinlets donot tatensect with each otnex) 


. ine velnlets can ‘ivitensect: eit eds ie | 
Sr ae Ie  0.g+9 ots 
Intensection bint : a 
Se cotelydon 
: cg Gets ae tie “= 


rae od ' } 
@” coeyanns * Monocots are usually qaunenious 
e » Dicots ante usually eFH® 0 ih eeroprdl be. Meise flonat parts ave tn 
means theln flove! rene, ane in ult ple ue ; Mutts of 3 3: La 


i os Aon is . 


Sebi de 


Types OF Lea Ve 5 mmm SE 


Ginple teay pe 
(s Lula Z Compound leaf 
axillasxy -_ 
— bud 
e °° le Co 
noincision of leaf INCISIONS axe pHesent 
but Mey clonot touch the Axi llaxy bud iS not found on leaflets 


Midstib * Incisions touch the midsib + leaflets 
ave foumed 
Pinnatery Compound leaf ‘Paltnately compound leaf 
have (pinilike main MidHib Called Hachis All leaflets anise fxom a common boint 


wnee leaflets axe avvanged just like all fingens anise § Horn (pall 


Phyllotaxy 


It is the axxangement of leaves on buanch of Stem- Itis of 3-types 


212 6) 


* leaves aise fom altexnate - BIEAavESanise fxom Gre) BSe> 
: : i iHection _ yHom a node ~ 
nodes + @neileapabalnede> G@oxdein opposite dinec Seow 


*24Q@Ras alteunative © ° In eh con ees opposite | e-q-rflstonia 
( > chinanose | (- 7 a 
Mustard Serine: CalotHopis 


Guava 


< Morphology of Flowering Plants 


immune Modifications of Leaves na, 


Tendril (green, climbing structure for 
support) 


Spine (pointed structure for defence or 
protection) 


Cactus (also reduce water loss) 


Pete AE Dior ey enc 1 ST a 


Fleshy leaves in onion and garlic 


Storage 


To catch insects Pitcher of pitcher plant and trap of venus fly 


trap are modified leaves 


[BSEERSE ESTO SNCS MINS O TITUS Cees 


In Australian acacia, leaves are small in size 
and live for short time span only; thus petiole 
modify to take over their functions 


Petiole expands and make leaf life structure 
for photosynthesis 


DTT es || () |) eR Ey 
_* Flower is present on shoot * %s foumed fom Shoot apical menistem cells. 


‘Shoot. ofical m mesister) Modify. Floxal mableton, 


pe bees Axis An's condense ense 
; 4 big “Gutennme> age 
Root apical menistem different floxtal pasts Sho: 


a ° 0.0: atise + 
+. Flowex isa modified shoot- $ om different nodes 


© when Shoot a ne ee Ina flower, itS always Solitany Calone)- 


"Structure of Flower LS PG NOSES Re Sa CSS ORES 


, aunodclara/ 9 (6) 
Andxoecium a ca) 


“ outest most to innexmost flosal isialls 


= Inco | ERR Gi gronan ‘Ga Gaya 
Swollen 0 Walaa asia 6 ese G9 


Bama ete 


\may begueen on NP EON Se reas 
Stalk /Pedice!_ Coloutful _ Accessony | 
Stem: hes can protect Soven whorls 


© can attyact { insects” 


irene 


ie Tbe is the. auuangement . of flowers, °f flotal axis. 


ot i Is —_! Racemose 


p< inet cup « tg" tr tem Sa Wn Beh tse “te” a me ee BL ges Pies SE, SP og a eg ae 
mais De ke em a, me: ep fm pos. in ak Ts SNES TA ess 
i eo ce ene oe 


7 a Med : Easy Bot: 


Racemose 


e Snow aC} 


aXtangement be, cCymose 
youngest flower is at tip Show (basi ? arvangement 
onlimited) guowin as New Flowests youngest flower at base 


Keep OM 9#OWINI AS Soon as gzis ‘pial MP. contains biggest / oldest flower 
axis donot gnow furntnent 


Gegemetnice 


* Flowens can be cut into ° Only one quis can dividea e No axis can divide 
2- equal halves at mome flower Into 2-equal halves = flowext into 2-equal 


non one axis ee in | ~ halves 


e-9-, BQGliege Gand ca) 
¢ e an 


ssla 


ea uinona eee 


PPPS DA PDE EE PSP PSP OSEO PEER ES 


4 eas @ain Bitwea Bil 


: Morphalan.. iG = 


er.) ee ee 


bs 


cy 


mamsPosition of Calyx, Corolla and Androecium w.r.t. Gynoecium mum, 


PERI4y nous condition @figynous conditioy) 


allpaxts aise from the ° All one" pats axe 
‘-OvaNY Is Supenion as (Fefipheny of ovany from almost positioned (above) 
allothex parts axe present Same leve| of ovaty pis A 
below it e Pants otnext than ovaHtty anise 7" INFeHIOK ovany 


Fe nim of thalamus 


Thalamus rR 

) comes ove tne 

ovany % enciv- 
-ses it 


° Represented as © 


© RepHesented as ‘@® 


Exam ples: 


ovary look infexion in diaguam 
Pe Sane 
_but its not + called (half infenost) 


BHinjal 


Mustard 

Ovany Is Subesios, 

* all othext pantsame piym “Rose 
down 


Strap shaped 5 usually 
yanriephio sterile 


Disc Florets 


Line 3. usually 
Fig:capitulum in floutesen ce 3 


conolla/Petals oe 


>: GRD the rin hots 6 inner. - 


" Calyx] Sepals Coutenmost whon |) flonal pants 


* Gueenin colouse 


ws ‘Med Easy Botory 


oe” 


» petals canbe fxee Cpolypetalous) ov fused Cgamopetalous) 


Ca 
oe 


SHEE CPpolysepalous) os fused Cgamosepalous) 
. Pextanth CP) 15 ateum used fox family iliaeede «< PBacede) when calyx and 


comolla ave indistinguisnable 


° sepals can be 


Aestivation oe EU 
nge- 
» Tt is auvangement of one calyx wt all otvest calyx of a flowen ox axxang 


ment of one conolla w-H-t- ail other corolla in a flower: 


@ wavete» 


> Piya aadeait 
ei tel PHI Way 


o Cotton - 


RES? g Lege Campus 


_ —Chinavose ~ Lady finger 
Ne ial * i ovexlapping edge of a Petal 


undestlapping edge of the same petal 


CL 


Maxgins ovexlap each othext but donot Follow 
- eo exaaamnla : 


“Both: edges axe overlord 


oom thedges ave undest lapping 


y * ae ee : Re 
—_—— . 
¥ —— | 
sa a oi a oe ee ee : A, 
= eo | ; 


_ Morphology of Flowering Plants 


ay 


Latenal Wing) 
Anteniow, fused Reel3) CSmallest) 


AndroeciuU m 32222 Ty 


* All Stamens ina flowen constitutes andyoecium- 


(~~ 2-lobes in anthext ». itis bilobed 


—<p> _) 


Anthex 


Filament 


2 MecaCcompartments) in eveny lobe 


i Bithecsus, condition 


2. Total 4-bollen Sacs Ctneca) ane in antnex 


ss 


¢ 


Steuile stamen is called : 
STAMINODE} Ccan't seprocuce) 


2 IFiVvi |INOD 


_ Pollens ave pHoduced hexe 


C95 In lily Many 


° Stamens nec can either be fHee “€algandxous condition 


Can be united to vanious - called synandsous conditjon 
pr deguees 


wn Winey elbh he. Fused 
Morbadelpnous ty Dia deiphous Galjade phous 
ingle Bundle 


Lael 
(TWO Bundles (Many C>2) Bundles 


Allstamens in one G-stamens 4 stamen Many bundles 
ein ue. fogetner Separate e.g. THIS 
— €-g-9 China-rose: eg: Peq eee 


aan Ot : Med Easy Botony 


metimes witht oe 
ore? °° , m the flowes ~ the length of filaments is vaniable and 


4nd the leng™m of Star er also VANE i-e., in case of Sq 
CY NO eCiU Mm mee 
0 a e by o o 
» ut io the female xeproductive paxt made of one 04 move caxpels o% pistils 


HtigMa—> behave as nece btive Surface for pollens 


} tila -—~» long tube connecting stigma to ovary 


poset» Basal , enlarged pant of carnpel 


Flat, cushion like stHuctute called 
one oH moxe Ovules attached +o placenta 


AL rf 
4 Mustaxd 


Ilvia 


of tnene is only one Pistil in flowes, it will obviously be Fee: 


eTf theme axe moxe than ove pistils, they may ay visser bes apocanpous 


CLotus , H05e) 
MbUSI-e-» fused CMustaxd , Tomato) 


° After fertilisation - the owule becomes seed and ovaty becomes frult 
SS P| 11 i ra mS 

tis he asxnangement of ovules on placenta, of ovany: 

* Aunangement of ovulesin ovary is basically el acca ae 

Aletta pale ae 

elt is of 5- types: 

Q) Margi 2 


z ventxal suture 
of the ovany 


_ Ridge Pike. 
_. placenta on vent- 
— +xal sutuxe 


; <== = 
; asec eee eee ee eee ee eee 
; : pt ssa : 
ria en oe ee 5 
ee om ed 
=a ee ee oe eee 


me °*Phology of Flowering Plants 


ovules ane attach- 


-ed+to axial Placenta y 


“Placenta at axis 


LC 


“3 Bina-re rose 


Ovany ha s(single locule / compaxtment 
(27 sometimes ovany appeaX 2- chambexed 
7’ Jue to formation of false Bey called ‘ Replurn' Re plurn 


ovules aste boxine on centHal 


pra can move 
axis 


fHeely in School ? 


No txue ox false septa 
present 
ot 


j* Placenta at base 
whexe single ovule / 


Basal placenta 
3 PRU Toca 


* Anglospenms have some Special ites like Flowen, fxutt and double - 


eMart ana gt ett toch hooked 


56 25 


seek Med Easy Botony 


_ Morphology of Flowering Plants 


feat lization. 


Since these Fnuits aye foumed without fextilisati- 
¢FHult consists of : 4} Seeds 


RP Wall/Penicanp * Can be duty ort fleshy 
when it 1s fleshy- it canbe divided into 


outey epican b zo 
middle MESOCOMb a 


Innes, eEndocanb 


Epicag Pp thin) 


° In both mango & coconut » 


the fuuit is which is 
Mesocasip CFleshy edrble) sau duupe 
developed Hom monocoxpell- 
“Quy SupexioX ovary Gx 


Endocaxb Cstony) au€ one Seeded 


Seed 


CFibstous) Mesocanp 
Seed 


edible ¢ Endocasip 


Seed 
"A typical ‘Seed, iS made of embsyoX ed coat 


SG 


Made of embuyonal axis » plumule 3 Hadicle 
2 ‘ cotelydons. 

icot Seed a 
ieee eis Embxyonal a2is Fleshy & Full of sesexve 
Plumule food materials 


cotel ydons¢2) f 


Micstopyle 


H{lum: 
Fadicle - 


a 62an@niséedbeaab thxough 
which the developing seed is 
connected to fxuit 


In ner 
Ou 
Te Tegmen 


Seed coat having 2-layexs 


se eee ee ee 
— ee ee se ee 
= eo 
a ee a oe ee 
- 
— = oe 
—— = = 
See ee ee ee 


a 


* Seed) Aibuminous) endospex mous: in such Seeds , endosperm iS matutted 
\ at mat unity ey Caston (dicot) % most monocots, 
Non-albuminous | non-endospenmous seeds: No endospenm is paesent in matu- 
-ned seed as it is consumed during embuyonic developrnent 2-9-9 most dicots 
Clike Pea, guam, bean) & ostchid C monocot) 


Monocot Seed 


Tn cereals like maize , 


the Seed coat is Seed coat 
membranous & oe cuit wall 


its quseawitn 
Fruit wall? - 


Endospenm 


AleuMone 


Scutellum Cshield Shaped single 
layer 


cotelydon ‘inguasses) 


Coleo| Btile 
ee Sheath covening P Fiumule 
Plumule 


Embryonal axis 
Radicle 
Coleosnhiza. 


\ Aleuxo means 
> Protein sit 
isa layerx of 


~tes embuyo from endosperm 


Sheatn Covexing + Hadiicle 


mes SEM- TECHNICAL DESCRIPTION OF A TYPICAL ANGIOSPERM som 
* All cHuctal chamacters of plants needs to be descuibed ina Shoxt 8 Simple 
‘Way using scientific Symbols ina saat epg 
° All chanactens ave written | Mm a (pa: 


ence via descxibing plants like: 
4) Habft: Heab, ShXub on THee . 
2) Vegetative chanactexs: Hoot, stem, leaf 


3> Reps toductina chanacters : Inflonescence, andxoeclum , ee 


B Some symbols used. ‘to write floral all a 


@ ©. ean rn &. ee & 
Paint andtoedlu Supenion “Infenion 


Calyx “Conola Se 
a = 2 cox Nnvedumn ovary OVEHY Tagen 
: ® @ nl 7 | @- ) a | 2 @ : ovany 
: Male 2 5 Bisexual Aectinomo- eh eee We 


Cbnacteate 


Med Easy Botory 


GED i's shown b 
y CHARRED, «.g., Ata)+1 Means ‘q' stamens ane aia 


- aahesion is shown by a line 


dMawn above floral pants e-g-s CAswnich 
means petals % andwoecium ase Connected 


I ' ' €pipetalous condition: 
amily B i F 
Moinest axts on y rFassitcaceae/ Crucilleae EEUU EEE 


Top i sd oe ans 
Qe Calyn. ImbwHIicate 
~ Cono\la4 Valvate 
Flomal paxts a oe A Anduoecium 
below Bg bg 


. OF) Gynoecium 


Farrily Brassicaceae ya 


Radial |< ‘ad All petals ane Similan - 4 is wuitten directly 
-5Y © k3 Kata Ces A aoe A G 3) 2- fused canpels (Supenton) 
Bisexual < 
a 
2- calyx a ng =. axe move distant Couten) and 


. ‘ 4|ave present innexH to hem 
both edges oven lapping A> calyx having 


both edges undestlapping | ED 


“all + calyx ane not same 


“ave wxitten as Qa) 


Raceme 


@oTEPTetramexnous family 


Inflouxe sence: 
GED siltque , Silicula Cgenexally non- ~endospermous seeds). 
© e-g-5 mustand » Madish»tuxnips Mal , candy tuft etc: 


qm Family Fabaceae/ Paplionaceae 
a) 4 stamen is sepanate and 

isst (4) axe fused 

‘+ diacelphous condition 


aestivation 
ce 4+2t(2) Sepals axe 5 ry fuses 


2.(5): alyase 


+ ie) 6 GadpAnaGi 


Monocaypellany , Supeniort 
ovany * Gi 


fon -Morpholoav af Flaworinn Plants 


* Membens of family fabaceae axe also called leguminous plants. 


Vegetative Characters 
Habit: Herbs, shrubs or trees 
Roots have root nodules 


Stem is erect or climber (tendrils) 


Floral Characters 


Inflorescence: Racemose 


Calyx: Valvate or imbricate 


Androecium: Dithecous anther 
Gynoecium: Ovary with many ovules and 
single style 


Leaves: Alternate; simple or pinnately 
compound; pulvinate; stipulate; reticulate 
venation (since it is dicot) 


Fruit: Legume; seeds are non-endospermic and 
one to many in numbers 


Cornamental) <> 
Lupin) Sweet pea 


oe: ee (Medicine) 
@ Sunset Up ireted Pea Pod 8 ‘Mutaith; 


pais Sesbania eisai 
(Fodder) Pe, (Pulges) 


Gram, arnar,sem, Pe Gil) Indigofera 


Moong ‘ Soyabea Nn 
Seyabean 9 


Groundnut 
Sl cS Solanaceae / Potato Family 
® : 


5- fused petals; valvate 


5~ fused Sepals 3 valvate 
3) 

Obliquely placed septa; 

2-fused caripels +. G @) 


Stamen connected -+to 


Placenta swollen with many Petal -- Epipetalous 


ovules CGxXtI8) placentation) 


ANS Stamens ane free Formula: 


® i Ki Ci.) A S G (2) 


Med Easv Bototl 


Vegetative Characters 


Floral Characters 


Habit: Herbs (mostly), shrubs or small trees (rare) Inflorescence: Cymose 


F b biecccca,. el cts 
stem is herbaceous, rarely woody; aerial; erect cylindrical: Calyx: Sepals are persistant 


branched; solid or hollow; hairy or glabrous (smooth): 
underground stem in potato 


Fruit: Berry or Capsule 


Leaves: Alternate; simple or pinnately compound (rare); 
Seed: Many; endospermous 


ex-stipulate; reticulate venation (since it is dicot) 


(Medicine ) 
salar ae wagand ha Fumigatory 


i ( @e . 
Bella Ashwa Fe Tobacio Sabji Lene Chale 


cnilli 


Yetunia Cspice) 


(ornamental) 


Family Malvaceae EE 


Bhindi, 


, e-g: Hibiscus Cchinaxtose) , cotton, 
\vate- (5) ° e 
. chorichoxus (white jute), Balsa wood 


Corollas ‘ : 
Twisted-5 Clighest wood ),Pavonia (Hina)-scents 


A@): Monoadelphous._ 


(NOTED 
genexally cymose 


sLYX > Pensistent o” 
Chl Loculicidal capsule 
(3-#inno-) EROED P 


Epipetalou 


he 
condition 


*Mucjlage is puesent on flowe 
» Tin and stellate (stan) shaped 
Hines family Asterace 
seen ont gu 
*€9., Gauden lettuce » sunflower > gendha » Bhxingxe} 
emical wnich ve 


ou on FHUIE 
pains ave pnesent on stem fruit: 


ae/ Compositac =—————==mamnnn 


(medicinal) , Artemisia 


Cmake santonin ch 


- 
= 
== 
eee ee 


M : 
~~ rphology of Flowering Plants 


Ligule of 
ra floret 


Disc flower 
ming 
Phyliaties 


Receptacle =\ Receptacle 
ee Bract 


Bre k GaA.G, = 
» 6) Gay Brag Kp Ge) Acs) Gea) capitulum/Head 


Raa mily Poaceae/ Graminae S22 


2-stevile Scales ae ° ° 
© Alled glumes SloHeScence€>) Spike of spi keiet 
presentatbase . 5 Cavyo sis 
Of main axis ExuikD aPP 


Superior 28 
inferior 
Bract % 
Bracteole 


called Palezs 


mice: @— Kralsca): called lodicules) 


Br }- ¢ Pe AsGior G37 Monocot -amil 
&-9-» Cynodon CdoobgHass) » oat Tai, Bajxa, wheat 


» Jawan, maize, Hice, baxley, 
Moon) ( fox fibex) » lemon gxXa55, Sugarcane 


Med Easy Botony 


What is ie Avatineia 
» Anatomy deals with Study of “Intesmal organisation” of pigartletie 


e In this chaptest, we will deal with nteunal onganisation of angio - 


-spexms. 
: pnenieay? of anatomy is import tant in understanding axtangement 


of cells im vaatous plant ongans 
* Some plant oxgans also modified dnemselves fox protection (thon) , 
Suppoxtt Gendail) , sunken stomata Cto pate water loss) etc -> all these 
adobtations axe also confisemed by leauning anatomy of tnese 


modified stuuctuxes: 


eS Growth in Plants EN 


pws, some mestist matic cells 


As shoot 
axe » which. give Hise to exany) 


Make all cells of snoot 


wae Shoot will 


+ : 
anise From 
Sam plumule 


Guound LeveL 
Peacovee a ae eset 
Seed ; 
RAM - Root will 
Make all 4 anise from wa 
Cells of ~- 2 Radicle 
Hoot 


m PARTS REGENERATION IN GRASSES: — 

Shoot apical mexistem by intercalary 
menistems 

Gass: tips eaten e 

by gnaxing animals 


iiaiemaly 


intextcalany ymeuistem 


Between 


Matuxed tissues : helps in guowth of lost apical paxts of guasses. 
WHAT.IS TISSUE summmmemmemmmmne, 


Tissue is a guoup of cells which axe : 


<i> GomMo® inexigin 

<ny usually pextfouming Conirmion functions 

<i> GQRD) 0% @eymie? be similas in Gtwuctuxe) 
‘4 7 \S-> e-g:5 xylem is a Complex tissle) which has many cells 


J like fibex , pauenchyma, tHacheid & vessel 


Ike pavenchyma ane 7 ‘fe ; 
ienata melee Cinilav which ave all diffexent:- 


in stuuctyxe)- 


Shoot apical mestistem (SAM) 
add cells downwastds % Shoot grows 


it xowth 
Shoot ° o 
Vasculas. cambium . 
Guound + _ eT 4 Add calls 5 latentally uN aee aa 
Level ee RCS ae eee: c 
s— Vasculat cambium 
Root , 
Add cells Upwands .. Root gxows 
4 Root apical menistem CRAM) pees 
oe ee: ce iO See ; 3 pee Med Easy Boto! 
Se an On cL ie ab ee Se] 


Mt Tis 
Menistmatic Tissu . 6 
" a Peumonent Tissues 


‘ \\ cells dense ; : ae. e , 
gma > pscotoplasm 5 ° Fosmed by division of meni stmatic 


e nucleus; thinc . “ : 
lax , ell wall 3 abund cells 5 they have. lost then Capac - 


-ant pusieeneunl connections “ty of division 5 they aque Medified 


bs LOR RI a 
contt(nuousi 


A 


J ' frie ot 
QH{RUCiUR 


<p 


Menistem GimpiePenmanent complex Peamanent 


Menistem 
© Made of only one- * Made of >| diffe- 
“type of cells -nent types of cells 
Responsible Responsible 4 4 
foulguowih for Zqnowth wm Panenchyma ® Xylem 
ive-lengtht -eygintht Ls) Collenchyrna @ Phivem 
3 ® Scleuenchyma 


a@picaD occun due to @d sem 


¢*Koot apical  latesxal/ cylindsical 
Shoot apica| menistem e-g., : 


Cox) cambium 


Wascula¥) cambium 
8 Tntnafascicular 
B Interfascicular 


ees ar >... Apleal celts 
present at the 


f primordi 
apex of root ee 5 


Shoot apical meristematic . 
zone (distant most region 
on the stem axis) 


Central cylinder <— 


and Cortes Root apical 


- Axillary bud 


initials of 
root cap 


Differentiating 
vascular tissues 


Anatomy of Flowering Plants Cee nn 


mo Cell Layers in a Typical Plant === ee, 


Epideumis 


Taansvense Section —«> 


CTs) 
‘Dicot Stem 
a 2° guowth is - Endodeumis 
happening Pesic ycle 


Every layex fnnest 
to endodenmis ts called 


Vasculax cambiurn 
Pith (Intua fasciculax) 


ees S|! PLE PERMANENT TISSUE some, 
These axe besmanent tissues in wnich all the constituent cells have 


similaX, shabe, Size % functions. 


e-9-5 cee ’ baci es xs € sclenenchyma. 


How S- E 
One cell will Frbest 1S foumedl 
Aiffesentiate Pract SESE - 
; — aan AoA Peace Te 
Division. Nae Change in ‘Hotoplasm lost de ) 
Stuuctune pat 
é ay , : iG Stuyuctume become Win, 
Mexistmatic function | 


lena and stxong 


| ri 2 —S ‘ si 3 : Rose c : 
qed eae ‘Lignin’ deposition’ ctone 


Menistmatic cell will be on cell wall 


GY MMBLED <0 that thes. 
_ numbexX won't decuease 
es Pa ren chy a See 
. Panenchymatous cells foums Majow bat of ale 


° They. ave ° living)’ in natuste. 


GUNMESTS) of food «. Protocynincté 
GLOMAVE of Food | 
GeCvHetlsny of matestial 


8 Functfons: 


. Med Easy Boton 


— 
enn Celi Layers in a Typical Plant =, 


ot a OO a Epideumis 
APD OOOF Pn | Hypodesmis 


Taansvense Section —> 
CTs) 


L 
Dicot. Stem) 


rr a guowth i iS 
happening 


— Endodeuris 


Pentic ycle 


Evesy layest fnnest Vasculax bundie 


to endodenmis fs called 


Vasculay cambiur 
t) 
Prth (Intua fasciculax) 


S| )PLE PERMANENT TISSUE sommes 


These axe besmanent tissues in which all the constituent cells have 
similaXt shabe, size & functions. 


C-9-5 Paxenchyma »Collenchyma & sclexenchyma.- 


One cell wilh : Fibest 1 foumed 
differentiate 


Division iin, QD 2 - changety in Pxotoplasm lost (-. dead) 
Gem Structure g 
:@ function 


Stuuctune beame thin, 
long and a strong 
ose, 
Ugnin depositfor’ clone 
Mewistmatic cell will be a eee wal 


@YMAAREA <0 that tein 


numbex won't decue ase 


Mentelosatt: 
Cell 


Parenc hy ma tment 
foums majou. bart of pone 
in om 


w Functlone: GiVEStS) of food Protosyntneste 
aes food : 


GeCHELay of matesxtial 


J eer ble cells 


o 
oe 
~~. ek ee ot ee ee ee 


Med Easy Botony 


Same Shape € size: Shape can be sound, oval, 
Spherical » bolygonal oH elongated 


Cell wall is thin 9¢ usuall Cellulosic’ 
oe “ actz J 


Ked (small intesrtcellulart Space may be present) 


SS = Collenchy ma sa 
e They axe also ltuing cells. 


CellShape can be oval, Sphestical on polygonal 


Tn collenchyma. tf chloxoplasts que found, Mey 
will help in formation % assimilation of food 
Thickenings ‘ a 
The main function of collenchyma 
Intercellular pace I's isto provide @ERpameaRSeyE — 
ae to GiuRagisitn « Galilee pte 


° They nave thickenings of cellulose, hemicellulose x8 Pectin at connexs- 


° In dicot stem , he hypodesmis is Collenchymatous and it can be 
psesent as unifoxum laye% on In the foxm of patches: 


cle 


° These cells ane dead at Pmatunitiy By 
° Based on difterences in Shape » oxigin and development: eeenenclan 


ane of 2+ Types: GED 


me es on ee ee ae ee : : 
ee ee 


ce Anatomy of Flowering Plants ; at ae : ~-@ nue 


or 


Tapened ends : Buanching may occu, 


: Pits: numbesif 
Long shin, 


NanNow cells Pxotoplasm lost 


** dead at matunity 


: Thickslig ni- 
Thick deposition - fied cell wall 
of lignin on cell walls ; Sclexeid Can be oval, 


“- Sthength Sphenical £ cylinduical 


Pits (foxt exchange) 
ie. ‘J+> buesent ondleaves\of tea {Fxiuil) 

| a. Guava, pean, Sapoto, 
earner KO MPLEX PERMANENT TISSUE suum, 

* Peymanent tissues which ase foumed by moxe than one diffeuent ty pes 

of cells eg-, xylem and phioem 

v i, a 
G@atEw transporting tissue €66d)t1anspositing tissue 


Phloem- tsxanspouts food from 
leaves (site of synthesis) to 
Hoot 6 Stem but it may also 


Naxstow lumen 


H20 Is only tuanspboxted 
$Hom Hoot to stem 


inode tnanspost sto xed food fuom 
Hoot »£ stem to ubpes plant 
é isl Pants 
- OfcTHECTONADtanspost ee 
by xylem Ho ag) dusting deciduous 
. H20 8 minexals Conditions 


=m by Pn Phicem 


° Xylem vas 4 diffesent Components in angiosperms namely : THacheiet, 


vessel , xylem paxenchyma and a Avert: 


amyl of gymnospenm: 


68 | " oa Lobe Med Easy Botony 


a 
° Taacheld %& vesse| AxHe main wat ; 
ey tHansponting elements jn xylem. 
Plasm 3. dead at matuxtity 
Tapered ends 


m THacheld: will lose Itc bxot 
Oo 


tube 
liKe stuuctune 


Elongated 


Innex cell wall layers snow Vatiable patterns of thickening due to lignin 


long cylindsitcal tube 


| fo vesse membex : many such members jon to foum a Cormp]- 


secs ~ete vessel 
vessel THaNsPort 
, “L one vessel member connects with other with the elp of 


B Xylem- Fanenchyma: Irving cells 
Thin cellulosic cell wall 
Stones fat, starch & tannins 


@ xylem Fibes : ead) at motustity 3 can be Geptated on Caseptate? 
| ¢ G 


| Septa Septal] cxoss-walls 


Conganic bolyphenolics) 


& : 

Tapened ends — puesent an@abseat 

she ele 5 Oblitenated lumen 7 

seeks: ‘Z> covened with tick cell wall 
Thick deposition 

Naxvow lumen of lignin on cell walls 
“. Stuength 
Few Pits 


Anatomy of Flowering Plants ON tet emis 


ty 

° Water fHow Hoots to stem & leaves (upwards) occun via xylem but the 
Hadial conduction Csideways conduction of waten in thick Stem) occu 
via @ay, poneneny yMatous> cells. 
“1 gxowm Occun tn blants befotte 2° qxowtn and tus 1° aylem anise 
before 2*2xylem. 
° In 1° xylem too, -finst formed xylem 15 called Puotoxylem %$ \aten fonmed 
aylem 1s called Metazylem: 

Based on axxangement of pHotoxylem and 


o10 
mefaxylem, 2 conditions axe seen 


Endaych Means pHescuibtion 


, : €xaxch 
Study ] e InGtems , ein dot 
¢ | e 


Puotornylem at Pith|centne ; —— Puotoxylem at pexiphexy and metaxy- 


metaazylem at penibheny “lem at centue 


ae eatoem/, Bast aT 


> Phloem fibest is also called ‘GRSD fiber’. 
¢ Phloem has 4- components tn angiospenms Namely : 


Gd Seve Tube Living; main teiansposttest Of food 5 't donot Nave nucleus « 
thus activities. of sieve tube elements aXe contsoljed 
by nucleus of Companion cells: 

> capstcs Living 3 and accompanies sieve tube aloaucke 

ae Maintain pressure qHadient oe aoeice the dixection 
OF food flow j In Sieve- Tube. 
ais Living 3 > Stone food + Resin + Latex + Muci lage 
| ) ” Usually absent in monocots 


dead 5 Commentcially used as 8 jute flax, nem 
* Usually made by 2° - phloem Cnot by HE bulagen 


a 
Be eer ria aati otal dag Tes eee ee en ere aamweame oe =” 


Sage: Ser Me Easy Botony 


Sieve -Tube ' 
Prt Fields along longitudinal 


Element | <> 
Walls of Sjeve tube % Compan- 


nee ae ) -fon cells 


Compamon ‘cell( specialised 
Pawenchyma cells) 


centHal vacuole 


-tfon between Paxencny~ 


-ma cells 


Pexiphertal 
PHotoPlasm 


Fonenchyma : elongated ) 


poies i Pane 
- ee tapeued 8 cylindutcal 3 
sieve plate possess dense Puotoplasm 
Tapexed ends and nucle! 
Long thins ‘In Gymnospexms 
nanHow cells Soot 
Tnick A eposition © Instead steve cells ee a Pumions 
NaxHow lumen of ligninon cellwalls — CUECES Present Secc psu 
“ Stuength 
Few Pits 


° I°-phloem is of Qrypes the easly pre SID (thin and fia? 


gaagsaeties) ond late formed @iEtaph afevé tubes) 
| TISSUE SYSTEMS a 
d by vyartous: © cael 4nat Can be ES" 


system foume 


(wide Me 


vascular tissues axe 


Ler Den mal tissue is foumed of elong- 
-ated parenchymatous cells: set up of tule 
“ & phicem 
permanent tissue | 
Pesemanent tissues 


ad sd Soe bo Ga ar oa wes ow er ee 


Anatomy of Flowering Plants 


= 
| o 
* The CPHUCRUMELGAANEIE of a tissue com Gependllupor ite (cation x6 ace» 
OHARA GNASTBEEHTEA seve cystems ane of 3-types: 


issue System Cinclude epideumis) 


Vascillo® tissue system Cinclude xylem 6 phloem) 


" GRD tissue system Cxest all tissues) 


Mis [ermal Tissue System  aaeeeneeeremmmmmennniaiin 
° It covens the whole pstimaHy plant body including all pauts te. 


Geer), Gre -£ CHES 
é ry Contains stomata 


° contain stem 

Contains ately ; 
al xs] toi 9 Sayers 
Hoot hains | t#ichomes Hoot halus 28 es 
| 3 S peers 
¢ _ | @ Stems8 leaf epidestmis can 

t A One Ope em 

fl . on be covexed with cuticle but 

Usually @GMtellulan not of Hoot as wate need 
eusuallysoft, is “eae a 
OPeeiiuiar * May be buanchedox +o entest in Plants via Hoots. 
unbxanched SS pt Tsichon CPG wediurec to, 
j SI UeMOINeCS HEQUCES wa (cH | 
© SuHface asxeat e ; | 


: * can be GEEBos 
fox H20.8 minexal 


On GEEK Posy 


csalts, Mee g ay 
latex.gum etc.) 


" absoubtion 


= Epidenimis? 


vacuole (elongated) 


. 
. : Pexiphesal cuty 
Elongated epidermal cells P Jteplasm 


—* Tighty packed Paxenchymatous cells 
* Usually single layened 


= GtomataD 
‘i Function of Stomata Is to do 


qJaseous exchange 28 txansb? 1 
' Istation. 
° Shabe of guaxd cell is: ff : 


) Shaped in Aitote 


NOcots 


— om 
CED em ian iam an we re oon" 
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oe Anatomy of Flowering Plants 


sefemnata: Epidenmal cells 


<? Modified epideumal cells 
subsidiany cell 


stomatal 
Chlonoplast Appanatus 
Guand cell 


gnnex wall oF quasd Stomatal Poxe 


cellis wick and 
outeH wall 18 thin 


Ground issue ha aoa PP aa 


it Includes Q2SED GED eau % epidenmal tissa 
like contez, endodeumis, penicycle > pith ste: 


° Ground tissue is usually made of Simple permanent tissues |IKE 
panenchyma ,collenchyma and scleuenchyma- 


* In leaves, Me ground tissue system consist of mesophyll cells: 


pes \f a scular Tissue System a SS SST BS 
° Includes @EJIEM (Towands centue] Pein) & Ehleem (Towards Peniphery) 


° Picots axe open fox 2° gxowm Ci-e-, 2° pees takes place in dicots) 


* They have @pew vasculax bundles i-e-s cambium 1s present between 


xylem and phicem. | 
wheneas tn monocots , eae -9 xowth f iS absent vo vasculast bundles axe 


€lesea Ccambium ts absent). 


cambium absent 


“cam bium 


aaa 


e One basis of axNangement, vasculaX bundles can be Ape 


ee xylem & phioem ave joint 
xylem < Phivem on di ¢¢enent Madi ton same madlus 


e-g:1 in Stem x leaves 


DICOT VS MONOCOT 


Dicot Root vs Monocot Root 


Monocot Root 


Features are same; root 
hair number is less | 


Single layer of elongated, parenchymatous cells, 
without intercellular space; unicellular root hairs 
(more) are present Deere te 


Cortex Many layers of round, thin, parenchymatous cells; 
intercellular space present 


Features are same 


a A alle eat ie Reel i eee ol ed eee eee ee ee 


74 
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wercavercvered 
ecuusuascoas 


dexHmis 


PeHicycle 
PHotoxylem 


Metaxylem 


Pith 


Endodermis 


Single layer of barrel shaped cells without intercellular space; radial and 


tangential walls are covered by waxy substance called suberin and make 
CASPARIAN STRIP 


Round, thick walled parenchymatous cells; conjunctive tissues are present 
between xylem and phloem which helps in growth of lateral roots and 


formation of vascular cambium 


Vascular Tissue | Radial bundle; exarch; 2-4 xylem bundles Radial bundle: exarch; >6 aleth 


punetas oa polars condition 
Small and Inconsplcuous 


Anatomy of Flowering Plants 


mms Dicot Leaf vs Monocot Leaf ae 


called Seap =; “ + called PRED a 


Dorsal /upper/Adaxial. ventnal /lowes/Aboxial. Both adaxial and ab- 
SuKnface contains: » ‘ 
-Axkla| Sides aXe Same 


GaN venice - @eyRMeD —* Doth unless 
- needed pieetmtriilint tetas. 
“Hound , oval- Spongy almost i tnemed 


Surface contains: 


“. Palisade C pillas like) . grea, 
tightly packed mesobhyll Pauenchy Is present stomata and Spongy 
is present mesophyll only. 


Lange, empty, Coloun- 


BULLIFORM CELL 


Upper ebidex mis 4 Uppex ebldexmis 
: Palisade panenchyma ges 


Thick walled Single layex bundle sheath | 


OR eae e : 
Thinnest bundles 


a Thin bundles 
Tnickese vasculayt 


bundles 


C mid Hib) 


(Nore: Bulli fostr a 
WhenH20h; When (igo); bulliforem cells become §lacZi@ 


Bull-cells gettusigids * leaf cules to consexve water 
“ leaf expands | 


Folds O% UNfolds the leaf based on waten status of plants 


Ahad Baews Ratony 


| ° 
Hypodexmis of —€ VS Monocot Stem eee 
° LG, : 
° Endodesmis Stone Stasich Hypodexumis % bundle Sheath of 
Glemenéwgrtian 


‘called starch sheath ge . 
« Above vasculat bundles, Eveny thing isis 0g podeumis 
except vasullax tissue is Hound) 


@ is present as(Seleneys ) 
tissue i-e-5 no diffenentiation of 


Semi-| 
unas Patches Contex , penicycle ~ pith. 


"Vascular bundles axe annanged QReecp er reece my <TD 
wee a ee — ee * vasculan bundles ane scattenned 
‘in sting Ccixtculas) — 
"ae 
¢cambium (ts pxesent ad cnet fe Sande 
* Medullaxy nay cells present i ° Watest containing eerie: Clysogen- 
oo ; 
that divides to make Tntest- ~ ous cavities) axe puesent within 


-fasciculay Cambium. vasculax bundles. 


‘ ° Sclexenchy matous 
Epidenmis Hypedesimis 


Txi chomes 
Tincuticle ’ 


Epidenmis 


Hypodesimis . — watex 
Csisiengtn}) é =, WA Cavities 


Paxenchyma- 
4-tous 


Chaxe Smallex bundles at — Sclexenchym- 
nchymatous pesticycle) - penfphery and larger -atous sheatn 

at centne ' 

“Phloem panenchymais absent. 


meses a sh wece nner @ 
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CELL: THE UNIT 
OF LIFE 


INTRODUCTION 


° 
TFeAtUKE) of alll living onganisms. 


* Cellulax organisation is Imingy featuxe 


" Oxiganisms can be Gnicellulas ( having single cell) ox multicellulax. 
Capable of <i> | inde bendent existance 
dit> (Peetforming all’essental functions of life 
ROTE? Anything less thana complete cell cannot survive independently. 


° Cellis fundamental Gtuuctuxall 8 functional unit’ of life. 


Scientists Related to Cell Biology 
Contribution 
Robert Hooke (1665) | Discovered cell (dead cork cell of oak which were basically cell walls): 
Coined term “Cellula” 
First saw and described a live cell (seen Sperm cell, many small aquatic 
protozoans and bacterium etc.) and called them “Animalcules” 


als AntonVan 
Leeuwenhoek (1674) 


Robert Brown Discovered nucleus (1831) 
Matthias Schleiden | He was a German botanist, and he examined a large number of plants 
and observed that all plants are composed of different kinds of cells 


f (1838) <3) 


| which form the tissues of the plant = 

He was a British Zoologist, and he studied different types of animal 
cells and reported that animal cells have a.thin outer layer which is 
today known as the ‘plasma membrane’ or ‘cell membrane’. 


Thesdere Schwann 
(1839) 


He also studied plant tissues, and concluded that the presence of cell 
wall is a unique character of the plant cells. 


Schwann proposed the hypothesis that the bodies of animals and plants 
are composed of cells and products of cells. 
‘They together formulated the cell theory wh 


organisms are formed up of ‘od 


This theory ho 
He first explained that cells divided and new cells are formed from pre 
existing cells (Omnis cellula-e-cellula), =» 


 $Schleiden and 


ich stated that “all living 
Of cellsssen Uses 


Rudolf Virchow 
(1855) 


He modified the hypothesis of Schleiden and Schwann to give the cell 
theory a final shape. 


“a 
CELL a 
" u 5) and products of cells: 


} ic -) 5 Hey 
. | a DObLe € bee 
Tr \% A. 
Ing cells 


AN | OVERVIEW OF CEL | reer rercae 


Plant Cell vs Animal Ce 

Plant Cell (e.g. onton Aaa eal tC Eukaryotic Cell 

peel cell human cheek cell) e Ew psane a an 

Cell wall is present Cell wall is absent ies : rue " 

me iti dallmiting the nuclear envelope 
is present. 


Chloroplast is absent 


Vacuole is very small 


Prokaryotic Cell 
‘Pro’ means primitive 
and ‘karyon means 
nucleus, thus these 
cells do nol have a 
well-defined nucleus 
or we can say that 
nuclear envelope is 
absent here. 
Membrane bound 
organelles are absent 


Chloroplast (a type of 
plastid) is resent 
Central vacuole is 
present (in some 
plant cells, it can 
occupy more than 
90% volume of the 


cell) 
Centrosomes ae 2 are 


Membrane bound 


organelles like ER, 
golgi complex (GC), 
lysosomes, are 
present 
Ribosomes are 60s 
and 70s (in 
mitochondria and 
chloroplast) 
e.g., all members of 
kingdom protista, 
fungi, plantae and 
‘| animalia. _ me 


Ribosomes are 70s in 
nature 


| Centrosomes” ‘(it is a 
non- membrane eons 
organelle found | 

animals cells Sadi 
helps” in cell { division) 


e.g., all members of 
kingdom monera like- 
Bacteria, uae BGA, 
Mycoplasma, PLO 


TPh ot ete ‘ : : 
° Ribosomes’ axe called Universal’ oxganelles: as they ane mernbttanel- 


found in prokanyotic ow Eukanyotic cell- 


-e65 and tus can be 
5 can vaHy based on tein functions: 


° The shabes of different cell 


Round Tand biconcave ‘shape; 7 
eboid/ irregular in shape 
Narrow tn’ shape (column like ith 
basal nucleus) 
nd Longest cells (up to 1 meter) 
T Elongated cells Spe es 
Round and oval 
FEO Sum In'dlameter! wey 


smallest. iving cells) — 


PPLO (Pleuro pruners Like Smale 8 a 
plasma cell s 


a“ The Unit of Life 


F 


+——75-201m (10X that of at cal bacterial 
: 0.02-0.2um 


“Virus (not considered living as it do not have: pee 
its own cellular org anisation) __ 
f Gol fi i 


bl ter: 1-44um (avg. 2.9 m) 
piame (avg. 7.5m) 


bia ee 
tikes 


;Space (hespace between outer [ 


uclear envelope) _ 


Mitochondria . Which in fact contains 
our genetic material 

which called DNA 

contains 


Endoplasmic a 
Reticulum (ER) Me 


Nucleus 
(dense 
‘ membrane 


scare ies Chromosomes 


Ribosome 


Cytoplasm (semi-fluid matrix) 
* present in all cells 
* occupies the volume of the cell 
* itis the main arena of cellutar 
activities in both the plant and 
animal cells 
* various chemical reactions occur in. 
it to keep the cell in the ‘living 
state’ 


Microbody 
Golgi Body 


PROKARYOTIC CELL eee 


* Ptokanyotes includes : Eubactenia , auchaebactenia , Blue- green algae , 
mycoplasma , PPLO etc- | 


* They ane typically Gorrimes Smallentanleukanystes 8 they Gvidelmucn 


Gastert due to theixt simple steuctuxe. : 


* Bacteria 0. einen AGS asa Sor « 
4 ta eRe GPmajon (Ghapes namely: coccus (Mound) » bacillus (od-shap- 
-ed) » VIbHIO Ccomma Shaped) %. spinillum (Spring Shaped). = 


ee ee ne ee se i 
a ee | 
tee eee eee 
: = 
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Ceo ——» 
Cfngolding of cell membaane) 


Rigid Cellwall « 
Ales genap- 


“hone / main genet- 
~c mateniel /slegle \ 


ChHompsome of 


a Photosynthesis 


CHBreent 


only In motile bactesa \ 


4 


Extend {Hom tellin membr: 
EGheas cell wallis Rigi 


Proteins 


bactesia 


Double stranded cuculast DNA; 


CO OTT Ete 


eatuachHomosomal ;canreplicate inde= 


wake at Vet 


called @igSisRnUREIES) ane membuane less 
=pendently; contains antibiotic Hesistance genes; ‘lie futeely in cytoplasm | 
provides many phenotypic chanactens in bacteria 


Cell: Py 
, The Unit of Life 


ne Cell Envelope and its Modifications ==========m 


*Many prokanyotes especially bactextia have a -(ayered ‘cell Cnvelope 
calyx: a (Casibohyduate Coal to protect bactenia {xo 


host's immune system 
diy Middle layest -€ellwall: Provide «mechanical support) 6 puevent bacteria 


from buasting 2S collapsing 
nbyane®: due to its @electively ‘pextmeable Natuxe , 


dill Innexmost €éll-| 
ik detes vonich molecules shall go in and out of the cell C-- interacts 


aa : 
Cell wall al 3- layers wok togetnex as 
a. l a. (protective unit 


ae? 


cell membxXane 


cree { 


modified into 


Pxotectfon 


; 7 Thick :. gives 
par i. : E> 
SE > slimy +. psevent water x ga——~ 


ion loss fem bactestia 


Ram STAINING Inclusion Bodies === 


Se Sram! given, by chufstian | 1ESEHVE Hlal 
- 9xam Nee _*° Stones (Phas, BSH phospnate gronules) ERD 
EDCqlycogen gxanules) on (SAMEMIDC cyanophyc- 


° * Based « on r dffonence inc cell | 


_ envelope is ed | 
ie anor ove. _ ~Fean hile nules)- 
‘ Eran @ve CdonotHvetain WOT éqas va 
4 Cretaintne — the stain) ee T < cuole is also an Inclusion ay 
ee in blue-green 28 Purxple-grteen bactexia € 


ca as mo Tt Provides buoyancy. 


ERE ere Surface Structures mummemmmseenne 


BElagella: main stuuctune fox motility + found In motile bactexiums 
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— 


Flagella has lo 
3- pants: ngest Filament , nook 38 basal body (at base): 


Filament 


cell wall ing ¢f 
Hook (joing filament with basal body) 


Cellmembstane Basal Body (NOTED PAOKanyotic flagella 1s rade of 
| flagellin protein whereas Eula nyotic 


flagella is made up of Tubulin proteins: 
B Elmbxae cao not Pxovide moti lity) : these ane thin (bul 


stle ike stuuctunes 


that provides Guip to bactextia So tat it can Settle /anchonage to nocks, 
host tissues etc. 


@ Gil cdonot bstovide motility) : Itis a tube like Stuuctune made up of 


‘Pilin' protein that helps in Conjugation Ctransfex of plasmid from one 
bactexium to the othest). 


EUKARYOTIC CEL. eee 
° Eukanyotic cells contain membxtane bound pk Cire» they ane comp - 


-axtmentalised) 3 and nave complex € 


RE es Cell Membrane samen 
° It's also called Plasma-membuane ot blasmolemma- 
* In 1950s, the advancement in electnon micuoscopy has taken place and 


thus, the minute detatls of celle wexe Seen after 1950s. 


; Matisied Smapimalan REC 1s used in’ membxane elated Heseasich as it 
o ° e 
has no membuane bound onqanelles (Gol contamination) in main membsane)- 


axe similar € are 
* Membianes of all organelles cells and oxganisms H 


» but the concentration of protein and 


made up of ‘PHoteins? P 
Iiptd i ig vasiable - e-g+) oe Proteins »& 07: Lipids 
ainesveaine~ 80: Lipid 


: Cin animal cells is also found be - 
*In ee cays 8 clestvl yeas) 7 f 


Cell: The Unit of Life 


ee, 


MBTEPIn plants, other sterols like Stigma stexol »% compestemol car be found, 


" Membnane majonly containg proteins % lipids 
onthe basis ofa 


dntningic [10 [Antegral 


—1Ge 


Ceasy to eres they axe part tially on 
totally embedded 1n lipid ny aophi lic 
z. difficult to ezttact head 
Non-bolax| nydoo phobic 
Tai L 
° ° 4 
e Ss colSon a Id mosaic 
in @#25€ mgove Flu foumed of saturated 


model of Plasma membuane according to which , 
membxane. 19 a(Sea of lipids (-. sluld) naving icebergs 


of pxoteins- only on outexH side 
-zmembsane 1s asymmettic 


Canbonydiate , @iiBeprotetn ie 
7} Glaze pid o? H20 


Pexiphextal 
protein YOY. Ve Go oO abe} iia = 
Ist pid 
layer 
and lipid 


‘ 4 


eo ae ae o a layer 


Tntegual hepiasiivect H20 
proteln 


+ Waten is present Inside and outside Me cell -. bolax heads of both lipid 
igen ple liebe ser 
ee: 2a i ci 3 movement GR 0 pt @aye®: shown by lipic protein 


it} movement Gannon am AGeEnGteRaneMeRone : Shown 


bylibid in siibes ape cases 8 neven Shown by proteins. 


* 
SP OOO ee RE OH ON OF OE OE I Oe Ge Ee a Me Om Re RY OF OH a Oe SY OF Ot iW Re ee Oe oe GP me Om tet Om On WH oe Oe Be Sy Oy oe ey on ae Winther. 
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et tee ene ae TE 


MR ere | ——— 
Neutsal/Non-polas. 


- Solutes = oe Solute Against the concentnation 
eaoae a ei iy 
See “eee “ er gnadient C4 toT cancentnation) 


simple 
pigfusion needs ATP 
“called pump 


pon tHanspoxtt via pumps need ATP? 
pe LL LS 
B functions: Pue to flezibility C cell] guowth cell division 8 inte ncellulax junct- 
fon formation) + due to selective peumeable natune (transport) and due to 
gimilaxt nature of membxanes (secnetion 28 endocytosis) - 


layer buesent on outen side of cell membrane- 


livin 
livinla 
LY, Vg 


e Rigi »(non= 
oe 
provide Shape buovide buotection fxom mechanical damage £ 
infections 


"It is outermost layer » it helps in cell-cell intenaction x [it 1s quite pe- 


-umeable but puevents the entsy of very lange macvhomolecules & let 


pass very small monomexs- 


Cell Wall’s Nature 


Bia ctants Mannacd a siWarale like Galeton 
SU 


Pela. tor ia 
nL TT TTT rercareen 


2° cell wall 


4 


Cell membxane 


4° cell Wall Foumed oniinnen) 
4 
Capable of gHowth; not 
too much sigid “cell can't guow fur then 


Middle lamella — Connects two neighbouxing plant 
ca-Pectate) Cells 


Ccytoplasmic stnand) 
iii: ndomembrane Syste mses 
* Inside éukanyotic cell, Some membxanaus oganelles becomes functiona- 
“lly Coondinated £ make endomembxane eee 
° This includes: (Endop asmic Heticulu 119 


Electston micuoscopy ” 
Showed the puesence of tiny, tubular. 
Stuuctunes Scattenned in cyto blasm 


Camillo Golgi cdiscovested GC in 1898 


“Tere many concentsic. Flat, pax- 


called ® ~allel cistesinae that makes Gc: 
* a 
Ug Flat Ce-__ay Fosuming/cis/ convex 
(Ribosomes Hibnesrnes ent) cistexnae face 
Medi ; 
OW will S inetd : en Beta) 
will synthesise and secxete A, 
and secvete Stexoids ¥ Lipids Matusting / tang] con- 
Pstoteins = “Cav e-face 
e ow . 
pea Median -> Tans —> TARGET 
9 golgi Jolgi 


| Pp Aa tA TRS a a RPT a ct EE 
a Med Fancy Rotoly 


mndtnect contact of « NEY 
outext nucleast memb. on ~ ; 
D Lumen of eR is called (Luminal space? 
M 
E 
N 


Cevenything othnex than ER lumen 
: is extya-luminal space) 


Make puoteins 


Glycosylation occu In GC x8 hs GF> 
packaging too 7 


Socsee al 
Guy depends upon sugan tag added dusting glyco- 
- Sylation, the lipids % buotein axe sent to 
inteacellulan  extxacellulax targets 


membuane 


Lysosome contains hydxolytic 
enzymes which axe active at 


¢ ~~ OE 
Amylase: digest cavbohydxate 
Lipase: digest lipids 


Nuclease: digest nucleic aciAs 
Puotease: digests proteins : a a cone-4 in 
Cytoplasm 
Gore? Amoeba has contsactile vacuole that helps in excnetion & osmonegu- 
-latfon 5 engulfed food e protists is covered by a thin membxane 28 food vacuo - 
“leis foumed- 
NES | b OS 01M 6 


* These ane the small Gana structune present in all cells. 


*Itis one of the Smallest organelle C puoks- Hibosomes size is about 15-20nm). 


ia al: was Geonge Palade 
° They ane called Palade particles as thei discoveHent Geong 


(1953) - 
° They axe found in both PHOKaNYyotic om Elikanyotic cells. 


F0S tosin mitochondula chloxop last 
Ls Bos associated with ER 
/™ 


(lange)  CSrrall) 


(laxge) CSmall) 


Heste (which 15 measuste of 


$Libosomes density os. size (NOT mass) and .. 50+20F 80 but =7fo- 


° Ribosomes axe made up of stibosomal RNA + Pxoteins- 


« fh “PROTEIN FACTORIES e elb in txanslaten 
Ribosomes ave called as ‘PROTEIN FACTORIES as they help 

puocess i-e-» they convext mRNA into pxoteins- 

Ribosome 


mRNA 


579 tons axe needed for both 


Subunits of xibosomes to bind 


Ls Mitochondria 


* Mitochonduia £ chlonoplast ane Gémiautensmeusvonganellesdas they 


contain theix own cls-cittculat DNA S Fos Hibosomes like that of bactextia 


-- They can synthesise half of theist proteins on thelx own < fox. Xest 
half buoteins, they need to depend on nucleus 


QNOTED mitochonduia can also divide by Gissio like bactestia. 
* Mitochondxia & chiotoplast ane double membsane bound organelles whexe 


outer membuane 1s move permeable (due to laxge poxes called Ports) > 
inne membsxane fs less permeable: 


Py 
SSSR PBB RRB nRananenwaaenananewan se 
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: uSe as ATPs aste made hese 
* The size and no. i . 
oF mitochondria Axe vaytiable depending upon physfologi - 


. activity o 
cal J F cell eg-y muscle Cell will have numenous £ 


langen mitochondnia: 


outesx Membrane 


Innex membyane Chas 
election txanspout chain) 
* Infolded to incuease 
Sux face anea 


Intesrmembxanous Space 


Infolding called Homogenous- dense MATRIy 
snare etm, 
CRISTAE 


Ee Pla stid sc 
* Found in eukauyotic autotuophs like Euglenoids 8 Plants- 


*Plastids axe of (S-diffenent types) based on +hejst colouns: 


DEP aa Ba iy key pata eT baad TY Ripe ng Sea Er 
soluble Carotenoids like carotene and 
aren anthoshalls gon Setar 
ERAN NOP NYS ee eee 


Leucoplast (Colourless) ~ They lack pigments but can store food: 
(i) Aleuroplast: stores protein 
(ii) Amyloplast: stores starch/ carbohydrates | 
(iii) Elaioplast: stores oil and fats 


*Chloxoplast have vaxtiable shapes like disc Shaped , Cup Shaped, lens 


Shaped etc. 38 Its numbex pex cell 16 algo vaxtiable. 


CFB per cellin” 7 @BEAD'in one mesophyll cell 
Chlamydomonas : ; 
* *! Chlonoplast fe 4-5 fimes bigger than mitochondxla , itis easily seen 


undext micso scope Ctevontetaintag 
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Thylakoid membxane 
° outeH membHane 
Pigment system on 


° ff b 
thylakoid membHane A Inne membxrane 


/ on? InteH-membHane 
Grane ‘A > Space 

i BE Is a? 
Clight neactions ee 


: Membxanous 
occun hee) \\ ' 


disc- Thy lakold 


Gtrioma 


¥05 Hibosomes 


@PSahop 


Cilia and Flage|l a oe 


Din size x6 tein “ ‘ CompanativelylasiqeH~€ less in num- 
numbex can bein thousands eee (Ci Can cause eallnowenieat 
, : 7 = 
* Dueto thein Smalley size ,they need easily) 


to beat in a @goxdinated D ¢ Made ub of Tubulin protein 
a 


Way 


move cellox the Suxxounding fluid formed of (Microtu bu 


Cell membuane ¢< 


. Intesndoubl- 
Filament (q+2) = -et link 
Foca ass Baatiege de cat yah @ Cnexin) 


Cell 4 
membxane = centufole like 
C4+0) Centual 


Radial spoke 
Ca) 


Mod Enews Rotony 


Ceeeeeeeeeeeeeeeeeeeeeeee Ey 
C 
entrosome and Centriole mm 


Itsamembsanelesg ~ 
oxganelle formed of 
2 be H 
P MPendicularly arnanged centnioles Ceylindutcal ) 


suyNNounded b 
J AMoHPHOUS pericentsiolar Sp 
ace: 
(Pxoximal proteinaceous Hub 
Distal 


Tatiplet micuotubules 
ca) 


» Radial spokes (4) 


- 
*” 
ny 
. 
. 


IntentHiplet 


aene 
of ord 
eome 
e =. 


spindle —AtUS -' helpCinsanimal cell division: | 
memes Cytoskeletal lena  ————— 


¢ Just. fke oux Skeletal system 
Keletal elements C protein filamen 


provide shape % Support to our body , 

tne cytos ts) puovide Shape and suppoxt 
to eukasyotic cells. | 
| e in cells & Mey ane of 3- types: 


* They make mesh irke netwouk 
m nts'/ Actin filaments (sm 


‘intermediate diametest) | 


allest diometex) 


‘ameten)- makes Ci lia flagella * 


meme Microbodie’ 
, ound vesicles that can be found in both 


e These aHe small membxiane b 
if me 
pois : animale eo : e a Se 0t 02 
en peHoxide metabolism : 2H .03 ——? ib 
nelps in P See catolese 
Toxic ea wee 


ware 


ona 
a= 
pi or aaa Oreie 


—— Nucleus and Chromosome eT 


N N OF ce Lu. 


a NUCLEUS: } 
} BRAI 
*It Is a double membxane bound stuuctuxe it 16 called ‘BRI 
3 tnexe like 
: Majonity of cells have one nucleus but Some exceptions axe 


cleus) etc. 
Panamecium C have 2 nucleus) , matuned mammalian R8c Cno nu ) 


one ox move dense, Sphenical , rmemp- 


outes envelope | 
\7 -xaneless stuuctuxes called cee 

Innen 
a ? Called ao HRNA factony 


@ Th HRNAT 5 then Hibosomet 3 then 


protein t 


Pesinucleast 
Space fi In intestpnase (non-dividing 
nucleus) tne DNA content is 
extended ie, not well packed 
Cdue f % fs called 


outer & Innex envelope) 


- BidinectInaltuanspont) 


stuuctute 


Chtomatt nis af 


CACO PHO IT 


B Chstomotin texm is coined by 


LEMMING: _ Nucleic acid Histone t non- 
 CPNAt ky histone chxomoso- 
Acidic content 1s stained by a. -Mal (NHC) puotein 


BASIC DYES 
es Chromosomes lice wie clientele 
-* Each human cell contains 2.2 metwes long pNA- This. DNA packs 28 


make chvomoSomes when cell divides. : 


Lae eee: 


chromatin 


Chromosome 


SISTER CHROMATIDS 


a 


CentHomene 


(Peonstricton) 


Puoteinace. ous disc Sunnounding 


CentHomese is called RINETOCHORE —» spindle fiben binds 
hexe- 


> Satellite: small, non-stai- 
Astchwtomatid 2nd chNomatids 


BNOTE: only a few ChXomosomes have 


‘ ° ° ° 
2 constaiction & satellite , they are 
called {SA chtomosomes. 


DD ccsion 


(q) Me 
ntnic ~ @elBcentuic 


@ekace 
awDee 


GEEGTEBentnic " Sub-tew min al Tex mi ved | 
Centte fom centue, 


=a 
= = 
~~ 
ieee ne een nn 
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CELL CYCLE & 
CELL DIVISION 


Why Cells Divide? 


© oOo Oo i A ss otf 
e cell diviSion occuHs when ge 
aoe 


vs " -Y ee Prim J ° Kn KO abet 
V jucleo-cytoplasm| IC Hatloofo, 

3 “all dietuebe je 
lasmic incsease 1S cell disturbs ie. ~ J oF 
We pes : 
y aContinuous pxocess) » 


5s N= Nucleus 
a 


pple PY Roi, it 
: C= Cytoplasm | - 
Old size 


New size 
due to incueasé in Size, 

“the nucleocyte plasmic datio of the cell gets 

distunbed and nucleus Staxts losing Command 

— overt the cell ay 

) —_._& division initiated to xestone 


ep ® 


°All Sexually Mepnoducing ong anisms tants sein dige as a single 
celled Kygates ee Ree are z ; 

| , this Single diploid cell has all the infoxmation Cin fou 
of DNA +nat now to make all the o*gaNS 8B parts of an organism. 
° Zygote divides via cell division ® makes anes 


cells that constitutes oun complete body. 


= Basic Concepts 
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e Accessary pigments absonbs lights of different wovelengins and tus 
photosynthesis can occux ef fleately: 


: TC eae 
e ACcessany pigments protects chi-a' fHom ‘photo-oxidative damage 


in case of high light intensity by sending energy to each other nepet- 
- atively which sesults fn heat loss. 


nes DPHYTOSYSTEMS aE 


fem-DCdiscovesed fistst) 


Reaction « centest » ‘Uignt | Hasivesting ‘complez |. 2.| 


fem'=1) Cdiscovexed late%) 


GE centes Light it Harvesting) 


‘Antenna 4 & fa complex / Ar Antenna. 
t : mi 
i - : Single chioXo phy|l- 
Smgle cHoo phy! Contains hundxeds of. J a hundxeds of 
-'y! ° 
-'a' molecule Pigments 28 proteins a rap leeuie Pigments 8 
: : pxoteins 

maximum absouption at foonm maximum absoxption at 68onm 


but PS-1l works before Ps-L in 


non- cyclic photo Phos phonylation- 


emcees | | (5 || T REACTIONS 
*Thene axe Gestepe i in light Xeactions: 


w Light absonption ' gw Watex papi lag's : 2H30 anveD 4ut + 41e7-+ O02 


SE SE~ ~~ 


B oxygen evolution 
w Fostmation of high enengy intermedia 
meme Non-Cyclic Photophosp 


tes :ATP ancl NADPH 
hylan = 


, ~ Nae ROfr: 
af > 4" be ee 
Le). oF accepto? 1] 
Ge accebwn ] Cos ac cP wc a) 
Se be sree AAAS 
wy 


Fego | 4ut +4e"+02 


Redox Potential—? 
enesigy Source is light 
@ Non- Gyclic photobhosphonylation : 
Phos phate is added to APPto fom ATP 
electxtons ejected from chi-a’ molecules 
donot come back to them * not acycle - a 2 GIPNABED like shape fs 
obsexnved when all e-- caunietS ove axxanged Tn ondest of teil 


nedox-potential Cability to gain electxons) 2. called 12> scheme 


m Featuxes of Z- Scheme: 


e PS-D absoubs light of 680nM and its e gets excited and Heach to 
e--accepton * this e7 will go to NADP* and won't come back to PS-IL 
te PS-I becomes e- deficient 


occux eT” axe given to Ps-]. . 
e electsions axe passed down to e” canstiens Cusually cytochstomes) acco xdin- 


oe oe om ee oe = — eee ee ee ee ee ee mafanletten es 
= om ot - 
= om 
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-ng to {heise Potential gnadient- 


Axe generally formed of ‘Imon Coppen as they axe having 
mult} ple stable oxidation States s.. they ane good e tHanspontens: 


* +e° =e~ 
Fe? ——> Fe?* ——» Fert 
+e- -e- 
cu2+—=_-y cyt —S_, car* 


e € ane then passed to PS-1 which absorbs light of Foonm to excite 


- 9 4 
tne & it xeceived from Ps-I C-. no e- loss at Ps-7) finally to NApPT 
Via &” cavtiets to make NADPH. 


nm Cyclic Photophosphorylation ===uum== 


e Hexe , GnlysPs=D is involved and 


electsions ane cycled back to Ps-I 


oe Cyclic 


Vim is paxesents Py, will get 


activated and cyclic photo pnosp- 


shosylation will stast- 


ae Ta 
tee Yea 
i) 


Water splitting ution occur No water splitting 
NapPHtHt 


Plasto quinone — cyt bef — Plastocyanine-» Fes. 
-HHedoxn —» Feyuedoxin NADP xeduc tase 


Photosynthesis in Higher Plants 


——ay 


EM 
momen CHEMIOSMOTIC HYPOTHESIS (ELECTRON TRANSPORT SYST ) come 


chell 


Pete: Ht Mite 


o o o 
°This ATP synthesis mechanism IS given by | 


membxane 4Ht +4e7+ 02 Free 
J “Sv neleased 
H+#t in Jumen -e pH4 | 
Membrane H* LL in 
doesn't allow to Sthoma 


pass fons s Causier 
1s needed 


CFo paxticle Chelp to tHanspout 
H* +hvough membxané) 


“e act as cannieH 


CF pasiticle CATP synthase) <— 


ApP-+Fi ATP 


0 te iS) we need to cueate proton gnadient: Cdiffexence fn concen- 
“yuation) b betiuieei tnylakeld lumen 8 stxtoma. 5 this gxadient 1S cHeated due to: 


<l> GBD is present onG of thylakoid lumen & thus te foumed a 
H20 piped accumulate tn tumen- 3 


“all> €8 is a HHIEHD Se while tmangpontting, the e- ahead , PQ takes 
up H* pens stoma. %& dump it tn lumen, (as PQHa fs foumed 1 in lumen’s side) 


Airy CEAATLOD takes place in * Ht) as Ht axe used to make 


NADPH- 


* Now, MerHe ane none @ Chap and less C9 wn in Gitoma? 


s Ht move via CFo panticle 8 Heach to CF, ; 


Men. Sic (<2 


due to hows speed of Ht, 
ar goncile qunenated samed CORR 2-1 ‘east, : 


the conffrimation of CF; molecule a arp is formed. 


Fear Med Easy Botony 


EI 1) ARK REACT | ON $ sxcoseammnnmnrennncrsn crea 
Cycle/ Features 


Discovered by Melvin Calvin (used C™ Hatch and Slack 
Radioactive isotope of carbon to 
track C3 cycle) 


First carbon acceptor Ribulose-1,5-Bis-Phosphate Phospho-enol Pyruvate (contain 3 
(contain 5 Carbons) Carbons) 


First stable product Phospho-glyceric Acid (3 Oxaloacetic Acid (4 Carbons) 
; Carbons) . 


Examples Tomato, Papaya Maize, Sugarcane, Sorghum 


Average temperature 20-25°C 30-40°C 


a 3- : 


° e 
Steps: 4. Catboxylation- most cxudal Step: RuGP+ Coa via RuBisco enayme 


2. Reduction: Coz ts yeduced to caxbonyduate 


Rfbulose-1,5- BIis-Phosphate - 
CRuBP) 


5. Regeneration of RuBP 


Atmosphenic Coz 


cavsaneaaccceccusuaucuenenesesenasacagnaananadact 


OOSOS6 


6c- unstable Product 


ADP+PL 


+ Phosphogly ceric 
Acid. 


putay Zed uctit ot a 
“9 Pele 7 
& . Red UCT(O! au 


Tufose ae 
Phosphate 2apPt+aPi+ 2nappt 


4 


Sucnose, stanch 


Phatacuneb 2:2 tu titahan Plants eee EE 


SS | ees 
° One castbon Is fixed pem Calvin cycle -- +o make a glucose molecule of 
12) of calvin cycle need to be perxfonmed: 


c+ Fox ening er one glucose molecule (6c): |BATP and 12 NADPH axe nee 


Tsar NATE SY TESST LR EN IE RAEN TOS PE SSN SSS SF SE RTE 
eee romsensse : is 


Ri'bulose Canborxylase 


bis- phosphate 


in blosphexe as it can work with 


due to Pane “af finity) « Cauboxylation will occux 


f when 02 >> Coz: Oxygenation will 


a Binding at RuBisco is Compe titive 
occuHX. | 
ns Photorespiration (c2 Pathway) sss 


e When oal os Coad3 oxygenation occux 


RuBP + o , Sa, Phosphoglycexic acid + Phosphoglycolate 
° : (3c) C2c) 
oxygen IS USed -. bHocess is ae 
=atled Photonestlsiatton : - called C2- pathway 


o e oe . . 
e Photoxespi yation is a '@nétefil bstocess' as: 


<i> No ATP 2% NADPH ale foxmed & no co, fixed 
Aip In fact ATPs one consumed and acquined Coa is Neleased 


° Ca plants ane less puoductive an as they show bhotoxespi station 
*lossT | 


€ plants ane MOBENBMOARCTIVE ac they donot show Photonespination- 


@ 3-oxganelles participates tn Protoxespixtation in a Sequence “namely? 
Chlovoplast > Peroxisome —» Mitochondyta. GREED ? 


See ee ene ne ee ae ENS Ot ee 9 ae be ew as Se = a a os a oe 
J 
= - 


La ; DACRE Te Ss “ tees? ; meant “25 Med Easy Botony 


C4 plant Ch CY Cl ¢ tn 
an C3-blant ra 
which means ‘WNeath! P ants as they have. Kxanz' anatomy, 


On 
és MHtangement of different cells' and in Ca plants, 
these Cells ake MUS Sophyll cells and bundle 


Sheatn cells. 


Vas culan 
’ Tissues 


Wass oy 
hed 
a bead 


nop Bundle Sheatricens + Multiple layexts ; have many chlioxopla- 


-sts; Tightly packed Cro intexcellulax 


o 
Spaces; impexvious to gaseous exchange 


Membsane MesoPHYLL CELL : PePcase puesent’s 


RuBisco absent 


cell wall ia f? 2ATP needed 


Plasmodesmata 
BUNDLE SHEATH CELL 


PePcase absent 

Fixation by 

cz-cycle 

SaTPs ANADPH needed 

“. Coa fized 3 SATP+ ANADPH 
nee dec 

* gases can't entesx In 


bundle shenin celle € 2 Coz enter as C4acds a5 Cro Neleased as and when 


Photosynthesis in Higher Plants © 


, _CAM Pathway (Crassulacean Acid Metabolism) ===, 


CAM plants) axe usually found in desext Clow Ho) quea theiu Stomata 
behaves in opposite way as compared to noXmal stomata. 
@ Thelx Gtomata) are closed ‘in day time Cto preserve H20) and axe 


@PEATAMIGUP Cto get coz) 


zs they can get Coz without losing HaO e:4.,SnaKe plant, Euphoxbia etc- 


mms FACTORS AFFECTING RATE OF PHOTOSYNTHESIS summa 
® Undesistanding all factons affecting xate of photosyntnesis is cxitical 
So that we can alten these factors atificiall y to fncHease - yate of photos- 


- ynthesis (yield) of plant: 


FACTORS 


‘External FactoHs 
@ Genene ptepeshion’ € + ai © LTgint 


botential 


°H20 ——_» Tempestature 
Yield + G ee. 
ve Faxticy pate as axeactant in 


photosyntnesis : a2? — 4nt+4eF0, 


° Eztennal Coz concentation 


Chilenalizoy concentnation 


Se pea >> C3 plants. 3 Do not affect the nate dinectly 
~ Cy plants can Stowe C02 aS Cy acids but can alter othen factors 
sizef yield gr mone lights yreldt "Leg 
a aay 


and Ghigntation of s Stomata closes pene cunlsS (wi tt) 
leat, ChloXoplast 8 mesophyll cells- pee, *. Ugh? galling] ) 
No-T yield 


Adult > young ox old leaf “ Photosynthesis 


me Blackman’s Law of Limiting Factors (1905) ecm 


°1¢a chemical neaction debends on multiple factors, then the facta. who- 


“se (qiantity ts sub-optimal Gmintrile) will 


116 Z E fp ee nee Soe 
— é es be nee Bs os os’ Med Easy Botony: 


QOTED We can see that total no-of pens In every case is equal to minimu- 


-m factox- 
1f this plant is given Cogt 3 H20t; LightT but Temp-¥ 
then sate will depend upon Temperature 


Temperature psa RCRSIS Deon Sues NES CAMERON S| 


j-e-5 dak steactions- 


=~ Tempestate Hegion > light | 2. Tempenatunel 
Teopical Hegion $ light? -. Tempestatuset 


> Equatow. 
¢ optimum Tempextatune of 


South Pole 


Light comes RE 
° Light fuxthes has many features! = isnot affects intensity 
Quality) of Light + Phot thetfcally * vA bai Slctee ga 
& of Light * Photosynmeticany u re 
active nadiation GRAm of visible = Rate L 
° ° ° £ (Photo-oxidation) 
negion (400-to0nm) is vital for ES hicks ot Listen sity 
photosy ntnesis: : Crit is limiting) 
B Duration of sunlight: Moxe sunlignt a 
i Intensity of sunlight —> 


Will lead to motte food production » But 


Photosynthesis in Higher Plants 


the sate CSpeed) will be same thMoughout .. state is not affected by dux- 
-ation of sunlight - 
mB intensity of Sunlight * Light is usually , not a limiting facton ~ light 
Saturation occu at absorbing less than 10]: of light falling on plant- 
* only afew ecosystems [ike cave ecosystem ,deep Sea ecosystem , Sciobh- 
“ytes Cgxowing In shade) in fonest nave to face a bit of light issues. 
Us Atmospheric C0, Concentration mmm, 
" At low light Intensity ing)? both C3 and Cy plants won't nesbond 
to ‘incsteased concentnation of Coz. 
At high light Mtensity 


7° Y 
Climi4 


Gnot |i Uimiting . Hate wil| depend on COZ concent»at- 


-ton): incxeasing coz concentration will show incteased Hate of Photosyn- 
-Mesis in both Czand Cy plants. 


NOT e2) OH a photosynthesis as its atmosphex- 


le concentnation is vexy less i-e-» 0-03- 0-04//- 


Incsteasing fos concentstation +o o- 05] will impstove Me nate of Photosy- 
~nthesis but beyond this level , it will become toxic: 


Saturation in C3 Plants 


450 WL or 450 PPM (Parts Per Million) 


oe 2 aiarationlin Ch Plants- th 
as they can store it as 


Stig eshn 


: PEPPER: axe grown in green - 
“house Setups Compete! ; saith “fon better yield. 


ath : Med Easv Botony 


RESPIRATION 
IN PLANTS 


- CHEATED $ Ut ts inhalation and exnalation of ain. 
e Respixation; 


° + . using the 0, that came in ouganisms body via inhala- 
tion. to oxIdise food so Mat onganisms can get enengy:- 


© All livin 4. 1 ~ ry , o;° 
INQ oXganisms need Enexgy) to canny out daily life activities 


l?Ke 
IKE absoxption , tHanspoxt (via pumps), movement , xeprtoduction 
and even breathing Cspecifically inspixation)- 


~) Saas 
ms 


o Bydvines complete 
* Hydrolysis oe 
Eta > several Glucose oxidation eco. + 6H20+ 
Molecules Energy 


CCpHi206) C€rep 


* Plants and cyanobactexia can do 


: S18) be «3 tney convent 
Light enesxqy into chemical enexgy 


Is stoved in the bonds 


which :- 
of caxbohyduates like glucose, sucHose and Stach. 

¢ In plants also, only the cells having chloxoplasts can synthesise 
food 3 tnese cells axe most predominantly located in superficial / 
outexH layexs (to tap moxe light) - 

“In gueen plants too, some non- Photosynthetic pasts must be prov - 

-Zded with food fox oxidation. 


* Animals depends on plants fox food eithen Gimeckly om 


* Food is formed in chlo¥oplast (in eukaXyotes) whereas, tt Is baoken 


down to Helease eneXay In cytoplasm and mitochondsia. 


Sagnebiegele onAeTS 


a sy 


a. RESPIRATORY SUBSTRATES: molecules that axe oxidised to xelea- 
- Se energy: 

C'9-5 Can bohydsates ane the most favored sxespi Hato Hy ata 
-tes 3 But in cesttain ciscumstances , fat, proteins & even organic 

acids can also be used as nespinatoxy substrate. 


@ Ke: PIRATION: The enengy of glucose Is stoned in its GE) 
bonds. These bonds ane buoken to Helease energy ina 
ManneX te-, 


I Allthe enengy present in q xespinatony substHate fs not Heleas 

Greely in the cell but is tHapped in the fourm of ATP. 

2: All energy present in a Hespinatony substuates is ‘net Heleased) 
but fn many small steps to minimise (energy loss in 


the form of neat. 


e The carbon skeleton pstoduced dumin Hes ination 7 Is used fon 
P 9 esp 


bic 2SUY thnesisS of omen molecules of the cell- 


€-g-, Glucose C6C) is converted into 2 molecules of Pysxuvate (3c) 


duxing Glycolysis: 
Glyolysis O-OW~D It canbe used to 
C-OxXD-O-O-~D vy make amino-acids 
hi 
@ Guuse : €-O-~D which fusthes 


2xGE Pyruvate A makes pxoteins 


ee )() P| ANTS BREATHE? Less atataeesossanstsasrasust eeesarasorereneere re 
e Plants also needs 0a fox oxidation of food they also give out C02. 


e Plants donot nave well developed Hesbixatony system like animals, 


So in plants , the gaseous exchange fs done by Gtommat@ 8 ¢ 


a Angad 


con n stem) 


Med Easy Botony 


f = 
: pone ine gp (ess cn aan a oe om an es 


z. Plants do not buesent gxeat demand for. gaseous exchange as blant paxts 
crespine cat fax mone (lowe ates than animals do. 

"S Lange amount of gaseous exchange occurt only duxing Photosynthesis 3 the 
leaves (Stomata) handles that paxt vexty well: 

Also, aiuning’ ) Photosynthesis, (02 Io GHeleased “O02 inside leaf cells T. 

3- The distance to which gases ane diffused even In large bulky tuees 15 not 


(laxge ,le-> each living cell in plant is located quite close te plant suxface- 


+> 


Bark “ Most cells of plant have at 
Living cells layer least a bant of cell in contact 
beneath the barit with alse: 


Provide mechanical Strength 


OODS00 


++ > + 


Be eis 
> > + 


Lenticel — 


S 


ete eine oe 
AS end 


Sin xoot, stemand leaves provide tntettc - 


~annected spaces for gaseous eer ten, 


Dcomplete combustion means every 


eo shall be broken: 
- reaction of complete combustion is; 


CeHi20e + 602 “mp C02 tEH2OF Energy CaTP) 


7 Eavily atmospue rte Meducing Ccontaining gases like CH4, 


H20> H2. NH3 etc:) having no fxee oxygen: 


on Equtn was 


. equitest onganisms on Eatth wene anaenobes: 


* Today also , we can found sevenal anaenobes in natune , which can be: 


: Vv in ceo 
«(FACULTATIVE ANAEROBES? the onganisms which can live in presence on 


absence of 02 like Staphylococcus » Listextias Mycoplasma etc- 


* OBLIqATETANAE ROBES: they can't sunvive in presence of oxygen: €-9: 


Clostuidium ’ 7 usobactexi um etc. 


°- These ougantsms have netained enzymatic machinaxy to partially oxidise 


glucose without oxygen: 


eS Came nS a SER ES Se Se re ee 
sn a, an 2) 90 On uO SD, ON TN es tye ERE oe Toyah, negates eee aa eRe 


 Reeninatian in Diante : ; ae 


QTED Something can be oxidised without addition of oxygen aS xemoval 
of Hyduogen is also oxidatfon- 


Reems () || \ (() | \ S | $ sce 
Ss 


Sugar splitting 


*Itis called (EMP pathway) as ft is elucidated by 3- scientists: Embden , 
(Mayesthof¢ and Paxnas- 


* It fs called a ONIVERSALL PATHWAY) because : 
It occun in @jtoplasm whichis pxesent in all cells: 


2- It @ccus Gut) the use of OxygeIN)-. Can occuX In both aexobic 
anaexobic ouganisms. 


In fact, in anaexobes ,. ee : the es pein she lo a 


NCE = 


a 


: Glycoly sis has ‘10 Steps) out of which, only 3- axe inseversible- 


B-steps: (D Glucose —HEBkinase Glucose= é~ Phosphate 
Q) Fxuctose-6- -Phosphate ail 


phos Hucto’. Fecuctose-l,¢-Bis - -PhoSphate 
nase 


(©) Phosphoenol- Eguuvate : Pyusuvate 
Ki Mnase J 


° All these neactions axe catalysed b 


“ Duxing glycolysis , NADH+Ht Ts aloo 


foumed which can't be dixectly 
used Iike ATP- 


It fs not enexgy cueric : It can be considexted asa 
che que that can be Converted into curntency via Submitting Tt to 
a bank called GW ceélectnon alae System). 


< t 
sd) rn: ae 

ANADHTH ss+reesensene ¥ 
ety 


si ‘Med Easy Botony 


Thvertase 
Sucrose > Glucase 4. Fructose 


le, It oan also make Fructose-&Pnosphate 


luco. j 
Glucose by using hexokinase enter in glyco - 
-lysia. 
@.... 
ADP +R Ip ierrinase 
Glucose-6-Phospha F 
peo a a * Pog?” moleale is charged... Ut traps glucose 
{ i inside cell as charged molecules can't cross 
1 Tsomerase cellmembrane. 
Fructose-6-Progpha 


fe CS pa Cees es 
Deyh 2 


ATP 
Phospno- 
Con ADP +h | ace A> Rate determining enzyme 
Fructose -1,6-Bisphosphate 


ane steaasnsansssessnced seeaneeneae sovtentenennannntensreneenensensenvansssoneneesenereerosssenaneeneneeeeeete 
NADHTH*t , J 2 reducing equivalents CH-atoms) are removed from 


|, 3- Bisphosph fc acid “¥ceralelenycle-3- Prosphate to make NADH+HT 
egiycerie acid “. PGAL19 oxidised 


pete, | Gam) , Tne steps before this line depicts 


3-Phasphoglyceric acid ‘Preparatory PHaSe wiereas steps after 
1 . ATPs formecl 
2-Phosphoglycericacia Tae 


& 
oA 


GR rincorncenst rate — gamaHATP in anotyi: 
Gluwse —> qlucese-6-P: -14TP 
Fructose -6-P ——® Fructuse1,6-BP 3 -1ATe 
PGAL ——> 1.3 6PG4: +2NADHTHT | 


sa a | GP 3-BPGA——> 3Phespnoepheslycerate : +2 ATP 


PEP —> Pyruvate : +aaTP 


TOTTI rrr titi iit eeacese 


Pyruvate 4-2 = 2ATP 
@® eco ape oes 


SOSHSOSHSEHASOSSHSAOSESTESSSSHSETHES STH SHRSSSHSSEHASESERGeRseaaaeeanegeoasse eenee 


Respiration in Plants 


Lactate 
Glucose 


Glycolysis 


emano L 
NAOT NapatHt 


+ @ 


Coz 


AcetylcoA 


Neast shows ns Glesiolie’ fen mentation) -. 


oe 
a 


-cles that makes tactic add: cHeaponsibl fox pain) When we take Hest, 
te lactic: acid gets metabolised 6 pain vanishes. 


NOTE:) some ‘bactestums can also do lactic acid fexmentation F 
* CEMERIED of fenmentatfon : ee Bu 


@ Its main work 15 to popenenate, Navt ftom NADH +H" so that it car 
be used fort pee peouale. ee ae 


om ‘Total, & Net ATP = 2ATP (eat of the total enenigy of glucose). 
mkt makes hazaxdous products liKe lactate 8 alcohol: 


4 NOTE? Alcohol Is $0 hazardous ‘that “Yeast. polsons itself Fe death when 
as £ alcohol concent ration Heaches 


i = is made dee _— sean 


Bt Calconot mone. concent tated than this 


—— a 
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<a 
| FROBIC RESPIRA T | 0 Nesesmcensnmmennennnsnee ens 


a HesHe > complete oxidation of Glucose into Co2 & H20O takes place. 


e Fox aeHobic Hespittation , byxuvate js tyans posted to (MatHiz of mitoc- 


-hon dxXia- 
Mg2t (2c) (1c) 
+ NADH TH 
Pyruvate Fumaeineiregerace AeatylcoA+ con 
rogennase 


EE Tans Kr eb's Cycle 
oacia Siclec ost PP conven: acid cycle- 


y 
Descuibed by ERED product @G) Gor HH qHoupS fn cituate 
Hans{kxteb 


FP INTERSD As the name indicates, KxebS ‘Cycle’ isa Cyclic’ pathway *- it 


wrll Staxt with oxaloacetic acid CoAA) which must be Cycled back at te end- 


ATR i, RICK: 


(Citrate 
é ¥ 


Ree, soctrate de Ketoglutarate oh en 


~(Criclwed ->€puneil-—~« “Eta oie i ay oe this rade 


a Gaptnt Succinyl- we nit - 
Oo@-exrler? 


Total Number of ATP formed by Complete Oxidation of 1-qlucose © 


2 NET ATP 
QNnabdF| ie. G6ATP in ETS 


2 2NADH | Vey. 56 ATP in | eTs 


’ a - " et eet ett ee a < | 
Oxidative Decarboxylation/ Lin IK react jon Ee 


_ GNADH he. 48qTP In ETS 
(AF AbH i ive-, 4 ATP in ETS 
2GTPor ATP 


TCA cycle 


Total 


espiration in: Plants #3 : ae 


LE 


- etogla vayie cid) te the: ‘only Bee product in Toa cycle -. all Substua- 


~ tes befone K-Ketoglutgnate ane of 6-C & after a- Ketoglutanate ane of 4-c- 


Glucose 


? 
{' lycolysis, 


Pyruvate 


OO® 


Napt 
Our: 


© in gorm Of Coz, 


CoA « F 


Acetyl-coA 
en 


) %- Ketoglutaric acid 
FADH,, 
eee: ices. 
——™ @eee moe 


as | EC TRON TRANSPORT SYSTEM LT 


RC area ia ae Mame Sic all ay o's a utcheh eel anit eacrentulenesce eet ee 


Med Easy Bot 


ate passed to O2 (terminal e- on (A) Gece p tos to make H20)- 

e ETS takes place in fnnexX membstane of mi tochondstto.- 

m Note: a hydrogen atom contains LHt and de~ 

“. @B was called as tesminal Hoste” accebton as Some 
e- tHavel fneely while othens tHavel in a bucket 


named Hydxogen- 


Complex : NAPH- Dehydrogenase complex 
Complex i Fab2 - Dehydrogenase / succinate Dehydrogenase 


Complexb: Cytochrome be, complex ———> Gite 


Complex Y: Giochrome C- oxidase / cytochrome -a-az complex 


Complex <Q: ATP Synthase 
a aripoxtantiealetes | 
*@fe means ‘Mond’ -. complez-1 will contain FEN i-e-» Flavin’ @iBH0 nucleotide. 
*Go means ‘di’ .-. complex-£ will contain FABi-e-s Flavin Adenine @p nucleotide. 
GED) complex wfilbe present in Tnittal. 5- complexes \-e-y complexe? 
° The electuons from complex IST; ane tuanssexxed to ubiquinone which 
1s convexnted to ubiauinol- | 
apt — sik la 
Kee Ce bs Alcongp-t c+ 
faulnol axe send to complex- -Il. 


and then electuons From ubi 
1S a mobile e~ cannier. present on outest side of innex- membxéane 


#1 Cyt-c ” 

of mftochondsta +nat tang fens e” between comblex- Mand W- 

* complex-p has Qacorre: we 6 ft 1s assoclated with formation 
of watep- 


inn ce Gan SR ne ee eee ae ae ot 

- 

Sef ee ae ee 
a ee 


Respiration ‘in Plants 


Outer ‘Inter-membrané 
Membrane Space. Inner membrane of Mitochondria Matrix 


> Grsreneseneneseeresstsense> Qrsseereevneavessverevesoarenearereenacseeseraaasassasssssaceseeuee COS 


NAoH+ Ht 


Naot 


Complex-L 
(NADH- dehydrogenase) 


v a a 
4aute--for Se Teale ay ihisbaalies 
Cytochrome bC,) 


Suceinate 
Fumarate 


Complex-[ 
Céuccinate 
dehydrogenase) 


pecccuccaserseuccsusensceseaveuossees 


within 
membrane : 
CactasHt : 5 KL, 
channel) 

. Oxysome /Fo-F, Particles 
°2Ht Passing trough fo-f, Particle generate ‘ CFi particle facing matrix) 


Inner membrane is infolded 


“+ Surpace areaT 5 Fo-Fi particles? 5 
ATPsyninesist 


mes RESPIRATORY BALANCE SHEE T cme 
— e Calculatton of no. 


of ATPS foxmed fxom a glucose molecule xemaing 
a theonetical exesicise because of cextain assumptions likes 


B Thexe will be oxdenly weactions % IN glycolysis , Kxeb cycle € all these path- 
-ways like glycolysis » TCA cycle € ETS will occur in gq sequence only 

but metabolism donot wos this way ; let’s Say if we axe exercising 

then the pyruvate willentest into Lactate festmentation € Tt will not 


ge TCA cycle: 


BINADH synthesised in glywlysis will goto mitochondula > @aheEaTERD 
GeRNe eS pOIAY on: 


ad 


Metabolism is very linked: NADH ,ATP¥€ othex. intextmediates can be 
used as & when needed: 


e e ° 
etek Fats - used to make amino acids 8 fatty acids when needed- 


), not any othes. substuates. 


: Respiration in Plants : 


—. 
| |) [|| | (2.0 || C PATHWAY sessssessscsesssscsnsis, 


° Amphr’ means dual 


‘In genexal , the image of nespination is catabolic in ous mind but a 


c 
pOIIC “TT ANnabolc 


Cata' 


lot of substuates of nespitation can entex into othe metabolic Pathways 


to make biggeH molecules. 


ee Neapisation | is ‘ampntboiic 


Simple sugars 
e.g. Glucose_ 


audgocrasy 


“Glucose 6-phosphate 
vy 


tea Seva ee 


= Giyceraldehyde 3-phosphate 
cs yy 


+ 


RESPIRATORY QUOTIENT (nq VALE 
enw 1s the uate o0§ | 


ef a cubstuate. 


2 Med Easy ‘Botony 


e Fox carbonyanates: CeHi2% + 602 ——* 6Co2+ GH,OTATP 


BCO2 =@ 
&O2 


° Fon fate like tXipalmitin Ccsitqgds) = 102 Co. = 6 # 
I45 O2 


Steagnic acid = 0-69 x oF 


“Fon@nganicyacids = mone than) 
€-9-» Malate = (33) 


Oxaloacetate 


@ 


_ Respiration in Plants 


PLANT GROWTH 
6 DEVELOPMENT 


BASIC CONCEPTS 


) onganisms GADREMINF as a single celled, 


diploid €ygote: . 


: aie of a complete plant fxom zygote follow a puecise > 


ly ondened Succession of of events) that give ise to all plant pasts 


mae 


= Stem, oot, leaves, Slower Bre. 


(containing 
embryo) 


| 


THneve’ eHsible permanent Incueas “ele of an’ ongan ox its 


past om even an individual. cell-. ‘ 


owth 1s 
Sandie accompanied Py metabolic puocesses ( both anabolic€ Catab- 
-olic) that occux at expense of enexigy. 


QBTED For guowth , @nabol\em's 


pn Plant Growth is Generally Indeterminate! === 


e In oe menistematic cells ave puesent at ceutain locations » which 


e Plant shows eet et of growth whee new cells axe been added 
continuously im blants. 
Growin th Plants) 
Pxtimaxy ” wih Cheightt) 


Secondany growth CqthT, Cqintnt: 


Dueto soot apical, Shoot apical Due to vasculan *& coxk cambium 
and intexcalaXy mexistem 


: Faults, flowens £ leaves matune and fall from plant periodically - 
as Plant Growth is Measurable === 
*Gxowm at CellulaH level 18 due to Cin: 


which 1s very Cf eMBERRETA® Aine cty, 


% we need some methods which aXe pXopoutional to Rokaenntte oun 


a Kea S¢ Ce h fa’ 


and ave compaviatively easy to measure @-9-s 


diy Tin cell nu se: Single CMLAQRESD apical menistem Ep makes enone 
shan GQREBNEDRETD pen nour ee 


ar Tin cell size one watexrnelon cell can 


Airy Tin length? mcnease in length of PAERERED — 


<ivp tin sunface axed: guowth of itera 
dv Tin volume + guowtn 0 GOD I'ke apple ete. 


é Plant Growth & Development 


Ts Phases of Growth see 
°The period of gxowtn 1s genesally divided bia @ phases « 
a @MEIEMALID phase : : mene, cells divide continuously 
a RAGA phase : cells enlange x vacuolation incnease | 
m @GTEEOD phase: cells get differentiated -- cells attains maxima 


it; cations. 
size in texms of cell wall thickenings 38 protoplasmic mod fi 


I Growth —— Oo ———eV— 
* Growth xate simply means guowth 'pex unit time’ 
e GHowth can be auithmetic ov georettic- 


m@RiTHMeTIC GROWTH? nexe, one mesistematic cell give Hiseto 2 cells out 


ef which one cell becomes permanent & othen cell will become mestistematic 
again to divide funtner. @9-5 division in soot elongating at a @uStanbitake 
Mathematical expuession: Length at ‘t=0' j-e-, Initial 

Le slot xt , Time 


Length at time 't’ state ost elongation Pex unit time 


: Thus after each cell 
Pal oeaueeieatcd Cell ivisi 


division, only one cell is 
a | 2 Cells am) +1 Cell Fad srevdhsuutiters 2 
PM 5 ces 
| +cat ith 
| | | | | [Ege 3 


°o 
lmeaX custve 


Elongation > 


A cell has some length of 
itself too, thus the graph Is 
not starting from zerol 


Time > 


: hexe one menistematic cell divide and give Hise to 
both daughter cells will divide. 


_ * Hene, Gfamalecurtve on \GHSGRED curve is observed which is piaiactol 
-istic sof living onganisms re: 


2a-menistematic cells : 


‘Med Easy Botony © 


ee 1 Cell (2° a, 


")) 2 Cells (2' Cells) 

ia ly Cells (22 Cells) 

7 Fe) FG A 8 cetts (2° celts)” 
HREAEEs 


46 Cells (2% Cells) 


en oes Ramoane | 
Papo eB regen © 


Size/ weight of the organ > 


EOL OE em wen ONT °1,90 
‘Initial slow gxXowth’ as initial numbest of ceils is less! 


C Initial Size 
Mathematical @quation:: Wh = We eX at 
° ° 0 ° eee nemeia Ca FPL ae 
Fl nal giae Cweight ’ height m < iv Essiciency index /selative gxo- 
numbest etc-) Base of natuxal log “wih sate 
. (ae) 


QNOTE®‘s1’- value depends upon ‘nitial numbest eg- let's say a cell divides 


in ihoux- Then > 1€ we have one cell initially , we will have 2 cells aften thx- 


but 7§ we have dlakn cells initially then after thouv, we will have 2lakh cells- 


| neineneemRelative and Absolute Growth Rate 


crown CEQ «TS tal guowtn re METSRTEID 2c 


Absolute growth= 55-50=5cm? 


Relative growth= 5/50=10% 
B + 


Absolute growth= 40-5=5cm? ' 


Relative growth= 5/5=100% 


: Plant Growth & Development 


(NOTE Leaves having Same absolute gxowth can have diffenent Helative 
a Cas Shown Yn last example) and Vice-vexHsa. 


WH} distance between lines donot incnease 
k sno elongation 


oe between lines incnease 


. Elongation occ usd) 


It isuegion of disngenton 


Conditions of Growth a= 
Intexnal Factous ; Extennal Factous 
© Qiitstacellulax factos : 2 genetic matewial » © G20 make cells tuxgid 3; provides 


within cell Gait eS medi um fox enzy matic Heactions 5 
aaa Foy: xt 5 
* Titesice llulas facton: Plant qhicwih 6 Eee ES ‘Tr part of plant body is H20 
inbetween — cle gil ox ‘phytohonmmones, °G@2 help tn oxidation of food 
alls 


en or eee ~ : : * ATP synthesis 
-PGRS can tHavel friomtnefn sttn of 3 
synthesis to tel site. of action 


lUtHientS®) Macho cneeded in 
laugex quantity) and micxo nutwie- 
- nts ave She fon protoplasm Synthesis 


KES) optimum tempestatune is 
needed fon bette enzymatic activity 


: oo, fott geotstophism 


a Fon pie 


; “—pirrenenriarion, DE- “DIFFERENTIATION & RE- DIFFERENTIATION 


_Foumation haf pentmanent Fells 6 fom menistmatic cells. 


gta eieteieta aici atc a 


iffexentiation: . ¢ 
dif fextentiation: opposite of differentiation whexe permanent cells 


ete ° o 
(el will become meristematic Coccassionally)- 
eRe- diffenentiation: meristematic cell fonmed from de-differentiatfon, again 


“ 
‘Again) becomes perxmanent - 


w Let's take an example to understand these teums well: 


B Divides and make all the Aad ‘ Makes 
cells of plants stem: like edullary ray cells 2°xylem 
| cortex, pith, vascular bundle GER becomes meristematic cuLED and 
epidermis, medull } and makes interfascicular 2°phloem 
Shoot apical ‘ ee enue ag ete: cambium. : 
meristem cells a . 
Permanent Meristematic Permanent 
cells Cells cells 
Just like Growth, Giffetentiation is also "OPEN" in plants whexe cells anisi- 


-ng fxom same mexistem will have. diffenent stuuctuxes at matuxity- 


EE (EV ELOPMEN | eee 
+ It includes all changes in plants taking place fuom seed gexmination 


to senescence Cgetting old). 
GelfiPerpetuation? Senescence and Death 


Mature Cell 


Differentiation and 
Maturation 


Plasmatic 


Growth Division 


Elongation. 
~ (Expansion): 


| ) } Hes in eae to. 
di¢fenent ar ete: "condtfons ox during diffenent phases of life «This 
ability { ig called ‘plasticity’: ae 


© The most classic example of plastichty | IS lie: 
i 3 — Digfenent leaf <0, 


Plant Growth & Development Pe eer ea ae: @ 


coriander and larkspur: 
he juvenile plant are 
pe from those in 


In cotton, 
leaves of t 
different in sha 
mature plants. 


We use cup for drinking water so in 


J ile leaf Adult leaf buttercup, the leaves in water and 
ee different than the terrestrial leaf, 


(a) F 


In buttercup: heterophyllous 
development is due to 
environment. 


al 


Terrestrial leaf 
REGULATORS (PCRs) Eo 


OI I tan ene FO som 
‘Phy tononmones- 


(b) Aquatic leaf 


nos PLANT GROWTH 
°PGRs axe also called a5 plant honmones on 


° These ate Small and simple molecules as they need to be sent FHom thein 


te 

Site of formation’ to thein ‘site of action' 
Z-categonies of PGRS 

tous /Non-pxo 


Pern pas x 
PHOMOTEHS, 


ss | utes nin a = Incneases abscission 

e they pxomote. functions Ike celldivision , (falling of plant pasts) 
[ ° A gee ° ; 
. | elongation, cell matuyation , pattetn formation senescence x dosmancy 
ie-, making vaxious plant pants , tHophic movem- 


-ents and formation of fuults, seeds , flowens etc: 


(BTED Ethylene canbe placed in Goth) categowt 
y e placed in Goth) categonies but its inhibitony activities 


'G axe moxe F & 916 
oma 0 qnsn tS promotany activities. 
fo Nu 


: | Mg 
> Molwhs 28 0 
Mol- wt Ai iO; Ethylene/Etnene {s eSB Cvelat}\e) 


ee Ethylene 
Indole Terpene 


Adenine Carotenoid 
derivative 


derivatives 
(this indole 
Benes furfuryl amino 
piven by purine) named 
Tryptophan Kinetin 
amino acid) 


Derivative derivative 


(this terpene (e.g., N6- 


is made from 
Acetyl CoA) 


Bioassay Avena * Dwarf Maize Chlorophyll Stomata Triple 
(checking Curvature Plant Test | preservation | Closure test Response 
: main test 


* Alpha- test test 
activities) . amylase 


Shoot tips of 


Canavy gvass bend towatids gt 


his Hoom. 


° t-] 
e Aften ezpenimental inference, 


Dauwin and Daywin concluded tnat 


eid le 


tneste Is some G3 
-nce that caused bending. ) 
ot tips) but can be tuansfexxed to 


Hansmissable 


othex plant pants also- 


Trp covered when Shoot tip 1s covered > No bending is Seen 
e . 


:. chemical which causes bending is formed in shoot ip 
— Auxin formed in@akihen anea 
light) [a tight T 


Sey $. Bending occuxX dueto enlargement of 
cells on daxkex anea 


Plant Growth & Development 


Slate) by FW AeA from coleoptile wa 
called asi 


Mone the auxin buoduced $move will be the cuxvatune 


* In animals, it is fixstly Isolated from Gunman 
-bed Tn our body). 


Cv tt can't be abson. 


Tn )iscovery of aipperelltc Acid (1926) smmmmmmmmze, 
* KuxoSawa obsesived that a ‘ 
sacle e Gus ? 4) \ ° Fungus Gibbs 
GIDBEMEID caused Bakane disease ox foolish | VN 


Ww seach tel ling 


Seedling disease itn otice. 


gofecties q@usenle’ 
Giese a 


Inteunodelengthincuease ts 


Heater ee — when eatuact of this infected plant is sprayed on 
= fen eating plant, the healthy plant gets infected- 
e other than pants, afingic can n also. male valves 


o Dy yaxf Matze 3 


main “when. we > apb'y GA on duo § maiae @ plant. it become 
tall due to intewnode elongation fe 4A Causes BOLTING. 


ests 


amyl. lase-T 


GA activates caculess tn Seed Which beaks stanch 
into cee wae Ga 


actfvates a-amylace 


| matt ee * called be 
| convents otanch tate gioe 


Seed ue Funtnen wien into.glucose — 


_ Rn 


Discovery of Cytokinin 


£6 reacties 
aa See celvicien promoting chemical 


sates shooting 


\ Vasculax tissue extuact 2: Yeast > a inti 
extnact 3-coconut milk) DNA 
division 
Gi en a pee 
odal segment 
qntexn 3 tritickes wating moat 


of tobacco Ccallus) 
‘> Undiffenentiated mass nas Of ¢ cells) 


| eMillex isolated ‘Kinetin'’ from qutoclaved Henning fish's spenm DNA and gave 


+exm kinetin 
any Samble tHeated with high 


tempenatune % pressune to Hemove contamination 


ou Kinetin 


solate open 2 
HenHing Fish” => Spenm isolate. ona { Pusiines sAdenine and quan 


Pynimidines : cytosine and thymine 
d in Gea) maize Ccoxin) % coconut miliK- 


oTe: Natuxal cytokinin i-€-» Zeatin is foun 
Discovery of Abscisic Acid i —————_=—_—— 


* In mid 1960S, 3 independent scientists | discoved same thing re- eo put 


have given them different names j-e-> 


4. dnhibin-8) bin-B)? aS itis an inhibitos *\metabolism4 
oe - It closes stomata 
OAL: Abeciscion of leaf , fruit, flowerT : 
ss THanspinationy 


eee 


caHy 


2) + dosmancy of seed 
y of ga ale Se 


as aq: solutfon called eeense 


unripe banana | xipe oxange 


© wf Zi alg yaar e ae nate of frult 


Banana became wipe due ccun 
to ethylene 


ee a eile wn Oe a ee nr ee 


Plant Growth & Development 


= Stoasbay = ile ieapuned dewda 


let’S Say that a 
then thexte are 3-Hesponses to 


2-CORAD gn owti() 3- Abical RiosK formed) 
Axis thickening 


germinating Seed wil] €NCoun. 


~teX a Stone in its Way , tackle that : 


“CEE growsn 


ee 
Functions of Auxin meer, 


* 2-Types of quains: 7 GED IAA - Indole acetic acid $ IBA- Indole butysicacid 
All» AxtiFic ; atic 


NAR- Napthalene Acetic Acid 
® 2,4- Dichiovio Phenoxyacetic acid 


Kill@icot hesxtbs Se Hexbicide 


° Due to its wide applications , it is widely used in agsicultune 38 horticulture: 


* Auxin initiates  Hooting { in callus 3 latex Bitame 


AS) ¥ Flowering fn 
pineappie * iS initiated by Ethylene € pHomoted iy auxin. 


* Mooting | \S done by auxin - Hooting needs cell division 2. Zi aivision 
» ie SjonaraRs) haves 


also occu 


° Induce Gamay - mates seedless tomatoes 


: Promotes apical dominance +. apical bud donot let axillaxy buds gHow. 


see Abical bud < ieee Apical bud Hemoved _ 
itathe 
OG id secnp ita on | 
4 | of ve Azillaxy bud grow o BuanchingT 
Aaillaxty buds donot gHow). 


—#* leaves? thus decapitations used 
toi incHease teq yield % +to make hedge dense 
comet cytoKtntp (+: antagonist to quzin) 


EPH Pica dominance is 


BERS 
foverii 


GARD Prevent eaxtly fall of Plant parte but let 
when ned matune. 3 


leag, fruit mop as x 


o 
» 
- 
a oo 
oe, ee. em oa gam oe) Ye: om pa to tenes eee“ ee 


oe ‘Med Easy Botony 


= ===Functions of Cf, 


» 1005 0f GAs axe been di. m 


° . E€Piveciet 
o ————__» 
gibberellic Kid) avecestc GHB 
€-979 Bxeak dormancy 


Seed §& bud nee 


¢ Main functions aD 8 CHATEN make maltose fuom staxch 


fe Used to make malt / beverages 
P) + mone gvapes 


Length’ 3 length of Gia 


perstalk 


© length of Sugarcane): yieldt upto 20 tonnes/acxe land 


° elongate & ‘impsHove Sshabe oF 


@ (delay its senescence to Keepit 
on plant fox longest time) 


° incstease internode length of plants with Hosette habit 1-e., Geer 
CABBAGE prion to flowering “+ mone flowers 


¢ In Conifexs Ccone bearing plants), the matusity period 7s hastened ox 
speeded up by application of GA +. Seed pyoduction takes place easily- 


— YNCtions of Yh ———————————— 
. Cytokinin is made at places whexe active cell division occux like xXoot apic- 
-al cells, Shoot apical cellS, young leaves, young plant pauts, buds , guowing 
fruits etc. 


“2 Nutuients cometn leaf 
*. Theiu senescence is delayed | 


yal Shoo 4 


Adve rtitle US Sh oot 4% 


) cinin aovenHcomes « rbICC 
Nutxients perience 

v sy staked Ree ia aes “a vn ONES eee 
Fox shoot quowth , @uguemiD axe to be e Bloassay of cytokinin is Chiorophyl 


GEEISED on supplied to shoot which 1s — paesenvation test “« when cytokininf; 


taken case by cytokinin GERI CAAA 


epee meen ennnneenmenenesasascnas 


a 
Storie oe iste Seca ac alles mane RT 


» Hant.Growth & Development Cee? ‘ : meee | 


i Fy nctions of ABA 
© Inhibits blant metabolism 3 T bud ¥ Seed doumancy 5 t abScission of Fuutts, 
leaves & flowens 


‘Prevents seeds from de: Saieatie ‘on Cgetling dry) 


iii a ,- ynctions of Ethylene 
*Pxtomotes Hedttng Moot hats - surface axtea fot H20 absorption T 


sine < ATTENTION, 


° In Hice plant » internode rs petiole ‘elangation)takes blace So that leaves can 


Come out of the water to ptespine better 


Intesinode 
elongation 


@ BMeak « Cee doxmancy 
. botato tube 


H Groundnut seed germ nate e 
: ) . e leaf flowexn dxopt 


Senescencef and abscission} 


© Fxurt dep due to thinn- 


fons cherry 


a a ee ee em me a ae ee ee oes om ee eee neem me ome on oe omen he bn pw ent Wm: wee 
= 


“oc Med Easy Botan 


BASIC CONCEPTS 


lanrs) Canaios 
g'°Spenms) Show Gexual) xepsoduction- 


ful muvads 
4 of flowens . tein colours and faguance ove all tools 
of exual HepHoduction Cie. - 


AlNEI pweH 


* The beauti 


the coloun 2 scents helpto attutact insect 


bollinatons . 


exual webHoduction 


ems | ()/ER- A FASCINATING ORGAN OF ited + 
eToa biologist » Flowers aye (moxphologica ‘and embuifological) maxuvels and 


sites of Sexual Hebroduction. ‘embuyo development occu 


FloweHs ave visually prominant hese 
stuuctutesin plants which gains oux attention | 


Carpel/ Pistil 
Stamen 


Thalamus/ Receptacle 


Pedicel/ Stalk 


ees PRE- “FERTILIZATION: STRUCTURE AND EVENTS sss 


«Much. Pee flowering > Seen on plant, the decision of flowening jones place. 


: aa foimed: 


ae Ne 


v* 


Shoot Apical Meristem converts 
; ae 


‘ and. 
structural changes’. 


Pe ee > 
- Bud is developed into 
flower 


PT 
- Differentiation and — 
development of floral 
primordium 


=e 


Ti Stamen, Microsporangium & Pollen Grains @=====""===_, 


° Anthen isa @bsided GTEEHAgonal) stuuctune having 
-taining micxospowes at counens. 


42 micHospoxanglum Ccon- 


* Micnosponangia further develops into pollen sacs Ccontains pollen gxains)- 


istal (distant most) 
Stamen has 2 parts ia si of stamen 
"4 Filament 
Anther (slender/ thin stalk) 
(generally bilobed) 


| 2 lobes in anther 
ge 


Le., Bilobed nature 


Each lobes has 2 
theca/ compartments 
l.e., each lobe is 


Anther 


Filament 


Proximal end of filament attached 
to the thalamus (normal 


dithecous condition) or to petal (epipetalous 
condition as seen in family 
Thus, totaltheca = po erincene! 
are & 
A longitudinal groove 
runs lengthwise 
Separating 2 theca 


Middle 


Sporogenous: 


Middle Tissue 


Layers 


re L Tapetum 
: Microsporangla (Total 4 in no) a ae Sethe 
} 4 4 ae waite Mlcrospore Mother Cell 

5 Develops and becomes Pollen See ee : 
sacs (Total 4 in no.) 


eee ee eee ee ee so te os ee ta pd — ee ee cE ee ee a li etm ont eg ELS es cae 


agers ic, outermost ebidenmiS, then 


endoinecium, then middle la 


‘sTapetum cells axe clos cs, and then innexmost, tapetum. 
° €s o deve| if 
+o develobing pollens. bing pollens, thus they 


“> Tabetu 
ina) 
P cells have dence batotoplasm & mone than one nucleus 


jj. LL 


IS= puotective and helpin dehiscence of 


anthen to Helease pollens 


e When the anth 
nex Ts young, a gXoub of compactly annanged (tightly packed) 


cellS Call cells ase similar) called occupies the 
centue of each micHosponangium. 


Microsporogenesis Pha ne Te ar 


Young anther has a group of compactly 
arranged (tightly packed) homogenous cells 
(all cells are similar) called the Sporogenous 

tissue occupies the centre of each 
microsporangium 


Nous 


homoge 


borogenous +1Sssue 


Each cell of Sporogenous tissue is a potential 
pollen and is called as pollen mother cell (2n) 


q Meiosis/ Microsporogenesis 


Anther matures 
© and dehydrates . 
er 


@®@ 
4% Pollens grains/ 


male gametophyte 
(n) 


4 Clustered microspores 
(n) are formed from one 


Enlarged view of PMC (2n) 


a pollen grain 


Sporopollenin is 


absent at germ 


pore Exine (hard outer layer) is 


made up of sporopollenin 


Intine (inner, thin, 
continuous layer) made 
of cellulose and pectin 


-_ 
25-50m diameter 


* enzyme that 


It is one of the most resistant 
organic material known (it can 
withstand high temperatures, 
strong acids and alkali: No 
degrades 
sporopollenin is so far known) 


Pollens are preserved as fossils 
and exhibits. a fascinating 
array of patterns and designs 
due to exine (sporopollenin). 


i i leased 
* Each micxtospoxangium contains thousands of pollens Which axe Heleas 


when anthem denisces: , | 
:non- continuous laye%t as Sponopallenin 15 absent at gexm porte 


1@: continuous 
Cell membyane 
dense protoplasm 


getative cell(biggen): it has abundant food Heserve ane (ange 
innegulat nucleus 


2 ecell Small): it floats in the cytoplasm of vegetative cells Itis 
Sei: sare Clong #8 thin at ends with dense protoplasm © nucleus 


QOTE®D *° Vegetative cell is bigget aS 1 NoTé 

than genextative cell -- Assymmetnic \ \.1n 60]: Of angiospe Hms, the pollen 
Spindle foumation on cell division AY shed at rt 2-celled stage -e-s 

occun- 4 feqete tive +4 genenative. 


ore? Pollen 1s dgameto bhyte 1-e+9 egut ‘n nest 4o'|- angiospex mS, the 
haploid stuuctune which ras a- gametes. | - genenative ce cell’ divide by mitosis to 
m woke 2 mals somes #. Total 3-cells 


eA ROR ID EAA ll 
See 


ty 


cece Pollen Viability and Importance m a 


Pollen hasto \and. on stigma x + Ses G. *S Pollens ase Hich in Gutsient> 
before losing ite viability Cdepends és they ane used as Supplime nts 

ov tempesiatune 2s humidity). 3 : 
@ Viabfitty time fox cexeals like — 


© Pollens can also be stoned by 
"" < CHyopresesivation (-196°¢ Jig. N2) 


prs: : Lee +o make pollen banks 
w Viability for some membexs of 


sort a ~ GE Pollens of Some plants like 


epee : “a> _ paxthenfum Cearmot grass) cause 
: | QED and Hespiratony disondens 


like asthma, bHonchitis In humans. 


pooner (31 )f 1011 SS 
ett Hepnesents gemale 4ebxoductive pant of a flower. 7 


— oe ee ee ee oe oe ee oe ee ee es ee pe ee en eee 
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ay ‘Med Easy Botony 


a 
(All canpels) pistils in a Flowey 


di | 
2 A gyncecium can have single cax be! Cmonocaspellany condition) on mone than 
one canpel ‘CEMED condition) 


carxtpelS canbe fyee  Carpels can be Fused together 


bocaMp ove 4) “. Syncavipous 
eg" Michelta (Michel lives freely) e-9-) Papaver. (Papa Keeps family togethes) 


gp stxuctune of Pistil/caxpel: It has 3-bants namely Stigma, styles ovary 


il 3 landing platfoum fox pollen guains 


Styles long,Slendex tube that connects stigma & ovany 


: Basal , bulged CSwollen baxt) 


i e 
ovanian ovule / megasporangia aising fHom placenta 


locule/cavity cushion \fke placenta in ovarian cavity 


(oreD: ouchid, watesr melon and Papaya has many seed :- they had many ovules 


in thelH ovany aS ovules make seeds 3 Similanly wheat, paddy mango nas single 


ovue 
ns Structure of Megasporangium (Ovule) sees 


Chalaza Copposite to micsxtopyle 3 basal broad paxt) 


Embstyo Sac of 


9-gametophyte Innes integument 4 on2 protective coveris 


outex integument axound nucellus shexe=2 


> MucellisicellSiemany cells containing nesenve food) 


Aflunis tne seglon whexe ovule & funicle meets 


one megaspoxe 
Usually make one 
embxuyo Sac 


“ ‘ 


jreuptap « etalk that connects ovule to placenta 


Figs Anatwopous owule 


| Chene ‘integ- 
-uments axe absent) 


= = ct nti moe a. ON, ON 8, Pw, OD Pe NY RS eee 
— os os oe maaan 
——s ee 


Plants 


_ Sexual Reproduction in Flowering 


\4 Chalazal meaqq- 
} -Spore: functional 


arate . 
one nucellus NM ‘Lineattetnad 3 megaspoxes 
Cell F4om micsio" of Mmegqaspoxes degenenate 


“pylast end becomes 
megaspoxe mothen 


cell CMMc) es contains lange nucleus £ 
dense pxot oplasm 


Cc las 
3nd nuc leas and nuc lea ist nuclear ral 
ivision 
divi division division aquieiaue 
(§¥ nucleated >: nucleated (nucleated Functional megaspoxe 
Stage Stage Stage F only one megaspoue is 
4 : , functional s- called Mmion0spoxtis 


These divisions axe free nuclear £ no cellwall is laid 
on these nuclei till now 


4 


Now cel] wall will be laid auound these nucle and (matu 


Cnalazalend © 
@antipodal cells 


Lasgest centsial cell. 


@polar nuclel ee Beet 


RED 9 “gamete 3 
) he 699 septevotu 


, @Bsynergide — 


 FIIPgoxtm, appamatuss: race ke euelectloni thak guides 
enty of Pollen tube towands e99 ae 


re SA POLLINATION 


at ts the tHanesen of vpallennon:motlle) from anther to stigma, of ‘Flower. 


Se as 


|“ L 
Types of Pollination 


» Based on GouXce of pollen ination ‘ 
Mes pollination is of 5-types: 


Geitonogamy 


* Transfer of pollen from 
anther to stigma of 
another flower of SAME 


Autogamy (self pollination) 
Xenogamy 


- Transfer of pollen from 
anther to stigma of 
DIFFERENT FLOWER 


. Transfer of pollen from 
anther to stigma of SAME 
FLOWER 


» [tis called cross 
pollination as it brings 
genetically different 
pollens to the stigma 


* Itis genetically self 

pollination as both the 

gametes are formed on 
same plant 


- In flowers with EXPOSED 
anthers and stigma, 
complete autogamy is 
RARE as genetically 
different pollen is needed 
for better variations 


¢ |[tleads to maximum 

variations and thus is 
best for enhanced 

adaptability 


¢ but itis functionally cross |. 

pollination as agents are 

- needed to transfer pollens 
from one flower to the 

other 


¢ Autogamy needs 
synchrony between pollen 
release and stigma | 
receptivity and anther and 
stigma shall be present 
close to each other (as no 
pollinating agent is 
involved) 


° Some autogamous plants like Qisl@ Ccommon pansy) ; 


@xalis) and. Rien psoduce @types of floweHs 


Chasmogamous i ws hn: 
| flowex with exposed anthen * stigma 


Flowex—» Noxma 
can give pollen to other flowers can Heceive 
| different pollens 
| They ase not exposed ies) they donot apen 
ogamous Flower at all “ hexe, the anther x£ stigma present 


. cleist 
candenguound “only engide flowex can Interact 


: "Sexual Repraduction in Flowering Plants : 


= 


Tas Agents of Pollination EEE, 


‘Abiotic agents Biotic agents 
enetnntenccea tC TER Ten gers gine Byinsects Centomophilly); 
By wind Canemo philly) By waten Ch do hill : ; 
J wind SEE od water Nop) AGREED conntinophily) ; 
zee of pelinatenes Bite? ing > hate By Gal) Cchineptexophilly); 
Bees ane widely used By primates, meptiles etc. 


© Anemopnillic flowers usually have ‘single ovule fn each ovany % numerous Flowe- 


-%S axe backed In inflouxescence. 


: one floweXs produce oo No- Of light % “non-sticky polle 


AS to be caunied by 


xbosed fox easy clispexsal of pollens. 
anne is ‘CREST to catch pollens. 


TheSe —assals of cown-cob axe actually the stigma % Style 
that wave in wind to +xap: pollens 


geneHa Cmostly 


* In lowe ricrte fi like Poa conan 8 Peart daphytes - water is a Hegulast 
medium to t#ansposet d'- gametes. 


* Pollens of watex pollinating species « aque covered with muci Hagenous covering 
to pxevent pollens from wetting. 


IWKe water hyacintnx 
watex lily come oves the level of water % ‘show entomo phily or anemopntly 


4-1 GIREHAM® (EMAFAE® pollination): 9- Flower use long stalk to Neach waten 
Sunface ®& d- flowex also xelease pollen on Sumface. 
‘Tn sea-guasses like QYBtEH®: sibbon I’ke pollens ane neleased in water 


which Heaches to 9-Fflowen which is GURERFED in watern. 
NoTe: Wind *€ water pollinating plants. donot Beaute Nectay X ane not: colous ful- 


a) Cfuesh water), ostewa (marine seq-grass). 


y it Mela ot a ne oo 


hasan Med Easy Botony 


® Pollination by Biotia agents ie.) animals Cmajouly used because of igh 
succesS vate): done by bees, butte flies, , flies, beetles, ants, wasps, 
moths; bixdS Counbinde xg humming binds), bats, bstimates Clemus) , aHboxeal 
Ctnee dwelling) sxodents » Heptiles (garden lizand »% gecko lixand) ete. 
eNoTe* Animal pollinated plants have specific pollinatons C- show specificity) + 


a- lag) ° 
e-g-3 some plants and boliinators aste so Connected tnat they can't complete 


134 o 9 o 
thet life cycle without each other Iie Pxtonuba moth & Yucca plant: 
Hete , moth cleposits ‘its €qg in ovarian locule of Yucca x infact pollinates it - 


IMdS?) Plant offexs vaufous newands| gifts to Insects to attnact 
nem like - small ¢lowexs agguegates togethen to become visible to insects by ; 
: mee inflounes cence 5 give Putuitious pollens as Heward 3 produce nectar 
: make Scents; secHete foul odouns 5 provide ate blace to pollinatox to lay 


eggs: 
is toattuact flies 8 Amovtphophallus is one of Me tallest 


beetles flowex with inflouxescence 6 Ft- tall 


° Pollen/ nectan sobbens: these insects take -pollen/ nectax as xewand but do not 

pexfoxm pollination. 

*Pollens of insect pollinating plant ave sticky C fox easy attachment ¥ txtansposit)- 
EE Ytbreeding Devices-—————————_— -— 


: Henmaphntodite if: bisexual flowes which do ‘continuous Self- pollination suffer 
JepHESsIOD Cro new chatacters getting intHoduced in progenies) 


é» Plants has adapted some stuategies to avoid Inbxeeding (self - Pallination) # 
to Incuease outbueeding CcHoss pollination) 


~ Features 


ag Ree eres PTET LACT Pas | ‘Elther male | part, is matured | before. female part (called e 
we yA ce ae Eber at is fe ale part. is matured before male part © 

| | (called Protogundl another gamete from different {l 

| needed ms 

| Only autogamy is ‘prevented t but geitonogamy c can occur 


| Thus pollen from same flower can't reach the stigma of same oe 


flower 2 
Here also, only autogamy is U prevented but geitonogamy es can | ie 


occur © 


iivangement of Ry and 
stigma on different positions 


= Ks ed 
ee i es ee 


_ Sexual Reproduction in Flowering Plants 


Self- incompatibility It ts a genetic mechanism that doesn't allow the Apt Hl 
same genetic composition to germinate on stigma -. bo 


autogamy and geitonogamy are prevented 


_ Production of unisexual 


Monoecious/ Bisexual plants: Castor and Maize 
flowers 


Dioecious/ Unisexual plant: Papaya 

“In a unisexual plant, the other gamete shall come from 
another plant only and thus both autogamy and 
geitonogamy are prevented 


2 Pollen-Pistil Interaction 


° It is a chemical intestaction between pollen & stigma of a pistil that heips 
pistil to @EESYRIS® whethen the pollen 75 compatible sign) ot Tncompatible/ 
wong type: i ie q 

. Pollen tube guow 8 male gametes xeach egg 

Pollen nejected = cell via one of synengids 

ee No Pollen tube guowth : | 


COTES Plant breeders understand manfpulate pollen pistil fntexaction to get 
desinted nesults. 


EEE Artificial. Hybridisation NE 


*It is coop Impuovement PHogiam whexe we use oun @Esifed pollens for 
pollination. | op ts 


».* It Involves. 8 techniques _ 


| @ifminate. masculfne/ d'. ” stigma fovened watt butter papese 
ee antes semoved from bisexual sites 


aq semoved and desired pollen 
eaputentepe. Lf dusted 


y= ea “f= —t ame 


Flower. Lstey event 
g Ge séeatie pri lon) foum 
ou. Of, Unwanted Bean Ae LES 
Gp vies slowen don' t need emasculatton 3 S only bagging t ke done. . ae 
DOUBLE FERTILIZATION i 
e once pollen 1s accepted by stigma ; pollen genminate by genm powe. and! 


DoF a ‘synenald via fllifonm a 


ExUtts 8 Seda) ut ih 


tt latent 


Pranatus : 


we neni on 


one of the d- gamete seach 249 for Syngamy which xesults in fonmation of 


@ Zygote - FIRST FERTILISATION) 


and d- gamete xeach to both polax nuclei whee both polan nuclei fuses with 


& gamete to make GA) Pximany Endospenm Nucleus (PEN)- SECOND -FERTILI! 
Ccalled tniple fusion) 


seuseeees 
SPSST SSS MENT TE TOMER ORNS OMS CESS s Hie We deitie Re Nd his giWh edad a ea Ghai ly Wace cade Kwe cue caieks Lewes owe paces, wa evhaic db a aawecdacwdedvadwieneversnasea® 
gh PROPER el TO SE Ts Lee te haewwe nine OOO CRON RAAT RAR eR Oh DN aRO NSE ONS Hb Cones ke Asaw ceded da asudaadvetalecdssaenseues 


eeccuneves 
Leh hh aaa aie ain ee OC ret i try Tritt TPE e eee rere errr eer rere rrrrrrrerrerrrrrrecerrerrir cri rrr cL 


Post Fertilization Events 


w Endo perm developm ent? The centxal cell becomes Gn) Primary endospenmic 
Cell (PEc) aftex fextilisation: . 
J divide Hepeatedly 


| @ ren “. Provide enexgy Fon embsiyonic development 


Castor, coconut, 
major monocots 
(wheat, maize, 
barley, sunflower) 


Endospermic/ 
Albuminous seeds 
(retains 
endosperm) 


J re Nucleax Divisions 


| © ie) © | Cell wall laid on few 


Nuclei making cellulax 


rs ® oO Oo » -Non-. ———'|_ Major dicots like 
endosperm endospermic/ | pea, groundnut, 
we : €-g-9 white Kennel of Non-albuminous | ~ bean; orchid 
Free- Nucleart Coconut seeds (endosperm | (monocot) __ 
Endospenm ‘consumed during | oe 
2-9-9 liquid Endospenm Ae eOMDIYO. el hace 
se dskent &: development) LA Bre ee 
_Perisperm: © Black pepper, 
B €mbayo development = Nucellus is beet 


persistent 


py ~ 
ats-aale 


pyla: 


S Egg. cell was pxesent at @micHe 
Zygote £ embryo will also be present at micHopylan end only: 
* Once some endosperm iS foHmed » embryo development stants whose phases 


que quite Similax Tn monocots »8 dicots. . | 
* Stages of Embuyogenys Zygote —» GHB-embayo — Gicviiia embyyo ~>Teane 
GhakeD embnyo—> Matune embryo 


SP RO, OR OE Se. tee eines OS ey omy eee ee, By, wen emcee 


Sexual Reproduction in Flowering Plants Gs) 


es E embuu it 


a cylindical 
@cotelydons cn 
Radicle Make Hadicle 
$ Root 


Root cap 


single cotelydon called . 


Embxyonal axis 
‘scutellum' in guasses 


—— Ike) Stx- 


le) CcoveHsS Shoot aber | 
peal leaf bHimondia) 


Shoot apex 


pxesent latenally: 
Con side) of embxyonal 
aus : 


Levelof onigin of 


Cotelydon . | Rae ' k 3 
BEE » Epiblast 2. Hepuesents Hemna- 
GeaeNb Ceiowid ; “nts of and cotelydens : 
Plumule = Radicle’ 
L fer 
Shoot Root 


! @rdtcle OO SAS SS eia ey i 
Undtfenentiated sheath ot 
| _falled Caleatrixa covens bobs 
ee seed ‘Te qeitiliged vovule often final peoduct of sexual meproduétion: 


‘consist of ceed coat ’ cotelydon(s) and embxyonal ais 


Swollen to stone food 


soi a a sing SS pl Sep SS Se te akc ad ot oe ea tee wt pain bat pst peace, hs Rebun Sete iar earn 
— om ny f a aaa 
A ee ee oe —_ a 
= a 


—— 


efig seed matures , it becomes any Ccontaining only ‘19-15 


due to which Seed'S metabolism slows down € It enters dosmancy: 
oe fareavanle conditions of (HAO): Oats and opti mum tempexatuxe > the Seed 


genminates. oxidation of food 
Fox hydrolysis of stosed to make ATP Fon proper activity 


food metabolism T of enzymes 
w Advantages of Seeds : 
@ Seed germination depends on watex % i+ can't geuminate indvyy places 
‘+ canbe (stowed at dey places 
a seed can be dispersed to new places + other aueaS canbe 
6 "= Seeds axe products of sexual Mebuoduction Hew genetic éombinatio 


(4.) Seeds have (tore d food) to nounish Seedlings till the time photosy nthesis 


stants in young plants 


young embyyo.- 


@ Hand (Seed Coat pxote 
@ seeds canbe stoned % canbe used +0 Halse cHops in nezt seasons- 


Records of Seed Viability 
Some seeds are viable for a few months and some seeds can be grown after some years too. 
But some amazing record breaking stats are seen in last few years: 


* Seed of Lupine (Lupinus arcticus) excavated from arctic tundra germinated after 10,000yrs 
* Seed of Date palm (Phoenix dactylifera) found during archaeological excavation of King 
Herod’s Palace near Dead Sea: pecminaiecs after 2,000 yrs 


NoTE : cpananconec’ striiga, ate. paxasiite plants: 


eee F RU|T FROM OVARY semiemnmmemtemenas’scoptaseciess 
* Af ten fertilization , ovary makes fHult % ovany wall become S fruit wall 


Cpenicarp)- 
e.g: +, Guava » manger 09+ mustard » a eure 


oxange 
"In most plants » the fxult develops f#om ovany only * they arte called ‘ tsiue' 
frults but ina few plants, the 


and these fxuits axe False) guuit 


== 
Mal aay SRE PN ea eee Re ci ga OL PF 
cela Ep eee lee 


Sexual Renradiurtian in Elawerina Plants (G)) ee eas 


fnuit develops from pant other than ovany 
5-eg1 thalamus makes fxuit in case of apple, 


oo ee ee ee ee ee ee eee eee ee ee se 
-—-— = 


cashew and strawbenny: 
° Pauthenocaxpic fruits : fruits which axe foumed without fertilization 
*e axe Seedless @-q-, Banana 
Tt can be induced by hoxmone Auain- 
a /\ |) () ||| X | $ mera 
eIt is a fonm of Gsexualineproduetton mimicS Sexual Hepxoductior 
Cire+s puoduce seeds which is final product of sexual nepxoduction) 


€-g-21n Some members of family Asteraceae 28 guasses- 
° Supettion chanacteus of 2 plants of same species canbe mexged and 
FijPNid ane foumed- But thexe ae Some issues with hybuid Seeds: 

B Once, hybHid seeds que sown, subenion plants axe formed but the 
Suberion chavactens que segregated in next genexation ce fox Sowing, 
new hybsid seeds aste to be Produced every Year. 

@ Making MnybHid seeds is Supext- costly. 


Plant-| ue 
Plant-2 | . ee No segnegation of chaHacteys 
Hybaid Apomizis - oe cheaper 
i | _Aromixis | pe 
S formed SiN poke e goes 


Stalk lengthT. Blue flowesy “Blue flowese 
Bo ROMANE eT  Stalelenging 


*In apomixis s the Gi) meqaspone mothex, cell dinectly make an) BRAD ey 

mitosis which then give Hise to embryo distectly without fertilisation 
that fuxtnes makes seeds. aoe ten ert eeu | 3 
—eeem PLY EMBRY ON Y sees eee 


Many embyyo - : | 
°In many Specles of Cinema, Some nucellart cells 
_.. avound the embryo sac protrude Tite embryo sac to form 
“ev Gach ovule contain many. embuyo 


BES Mee eo Med: Easy Botony 


It is the process by which chanactexs 


It isthe deqxee of difference axe passed from panents to of fspuings 


petween paxent and bHogentes 
Humans even befoxe 8000 - 400¢ Bo 
knew that one of the causes of vaniation 


eae Bet eos Pe eee ee 
is hidden in sexual neproduction 


Inheniitance fs the "Basis of Heredity” 
as when chanactens ave passed fHom 
paxents to offspuings , then only they 
canbe expsessed ‘in progenies 

** They chose panents with Supexiox chavactens to bueed them to 


get bettex vanieties and bseeds of plants and animals- 


eq. GahiwalVeows) of Punjab wexe made by artificial selection »8 domestication 


of ancestual wild cows. 


Lets Assume that a diploid oxganism haS “4-chHomosomes om 2-pain of 
chHomosomes i-e-» tne diploid cell of this oxganism will contain 2 copies of 


chtomosome no- 4 and 2 Copies of chtomosome no-2 


| 9-Panent @a) : 


One copy of each 
ChtomoSome comes --*** 
§xom each payent 


* Dusting fosmatton of (x) gamete » only one copy of chromosomes Is Tncomponated: 


Prrrr eee eee ee ee 
wawerr es aee sete ene ene ee 


van \y Gamete formation y \ 
Chv-l Ng Chet 9 Chn-L WY Chu: L i / 
> : av DD : OD 
YY) : V0 Q : 
ChH:2 ChH2 iy chw2 cma 


1 When any male gamete fs fused with any 
female gamete —> Gygote is foximec 


chn-L 00 WA cist. 
gre ae ve Gn) Zygote foumed 
4 


cnr 2A Ng H 
ge 6 > tie Receive one set ot CchHomosome 


Sxom each paxent 
| “+ Homologous chuomosome pals formed 


= GREER» , , 
Crnrect REP AERD vet's take example of homologous paix 


o oe Ty RA SESE OE A ass ; 
f chnomosomes- “? These chHomosomes axe homologous ie 


Tey will canny genes 
fox same chavactexs on same locus. 


Gene fox hair coloux 


: ~ Gene fost hate colour, : 
Colack hats ) 


P Cbvown haist) 


Se es er ee a iy ee Med Easy Bot 


T52(Gene and allele 


‘ also called AalleloriaKpH ane sligntiy difgene nt 


gene is a coding fragment of pna foums of a gene e-g-, allele fox tallness 
wnat expxesses itself i-e.. make % allele fon dwanfness ave both Helated 
RNA and bauotein- to same chanacten tes height 


B CONCERT A Dominant tuatti ms necesavel Lak 
GC essive LHaix 
The tHait that can express Itsel¢ y Te tytatt which can't express It 
(denoted by capital letter) in presence of dominant tuait 
€-g-) T for taliness Cdenoted by small letter ) 
"rit 16 dominant SGP and GP - both aste tall @-9-2 only ‘tt 1s dwaxf 


+4 Home 024g ous. 


< ete BHO 2 24 0US 


Dig ferent 
ve Both alleles axe same s. Both alleles ane diffenent 


i ——— e-g-) (Tt) 


ENEnOLYyPe: > 


7S) Genotype 
° a) G ° : * 
Physical expuession of an individual Just by looking from outside we can’t Say 
whethext a plant ig pume tall CTT) on heteHoz- 


ie-, Visible chanactens 
-ygous tall C1t)- fox +his, we need to Know 


e.g.) we can tell just by looking 
whethex a plant 46 tall ost dwaxt genetic constitution of a chavtactex 


nomen [YEN DEL’S HYBRADISATION EXPERIMENTS 


° Mendel sin 15 the father of Genetics - 
«He did hybsadi sation expeniment on Pea plant fou Ft “yeans” Ciss6- 


serene tee 


Himents» Mendel prokesed “Laws 0 ‘nhenitance’ 


1865) 


° Based on nesults of nis expe 
fou living oxganisms + 


° Mendel’s data sample size was veny long which gave cnedibility to Mendel’ 


xesult: 


ote Mendel wonked on — of pea where each chanacten has 


2- opposite on contuasting nalts. eg.» fox ‘eight, thene ane 2 tnalts 


namely ‘Tall’ and dwarf’ 


“= Mendel wonked on 


Bir these ‘14° THalts» 


~—<oem 


Mendel made I4-THee breeding punelines- 


rincinloe a€ Tabanitanro & Variations 


eth cr ationy)a ‘pure tall’ g is pollinated by desired 
pume tall Salle and str is done with theix progeny also fox Several times 
s+ Punteline of tall plant created 'TT'- 
Similarly, purteline fon aeaus plant is cHeated 'tt'- 


St rirsenrntess teen meaner enrtamnnecernrrenitenapeeeen tameen en 


| Flower | seed Seed | Pod | Pod 
ColouX | Shape Coloux colour | Shape 


{ 

{ 

, 
| Inglated | aatial 
Ala! 


Round |. Yellow | queen | omFull | Tal 


Yelow. a leonsteicted | punt: Texmmal 


pees |NHERITANCE 0 OF ONE GENE (MONOHYBRID CROSS) mmm 
*Hexes all chanactens in land 9 ane same but only one chaxactens tnait 
ane Kept diffenents like, one paxent Is 'TT' and anothen one is'tt! 3 
nest chanactens ane Same” 


Pasent genenation] P: Pune Tall _ Pune dwanf 


J Gametogenesis : 


*Phenotyple natfo: 


Gametess 


Filtal-1/F, genenatfon + 


» progenies of Fy 


and Fz Show 
many blending. e-9., Tt' is tall not medium siaed' 


pecause ‘T'S dominant s¢ it makes plant ‘tall’ 
a e 


» genes anc the ‘Unit of Inhe Mitance' 


fon to othex via gametes. 


which ane Stably passed from one- genena- 


A gene is sequined to expyess a parnticulax 


gait in an organism. 


» Mendel Peueinee Monohybxid cstose fo other chastactens xs got same nesults- 
0 - 
(Concept of factos Mende| PHoposed that something is been inhenited from 
panent to offspxings and ne called it ‘Facton' today Known as ‘gene's 


pets given by Bxitisn Geneticist Reginald c. Punnett whexe 


gametes ftom 2- paxents ane put on sides of SqUave 


% Combinations ane made & wuitten at mid- 


Back Cross and Test Cross 

*CHOSS of a pHogeny a \ oe nh a me witn meces> 
withiany of the paxents 

mw USECASE? Let'S say a plant is tall, but you want ne confium whether 
it is ‘TT’ on ‘Tt’, then cHoss this Ean with a Hecessive parent ‘tt 


All tall - Panent 


Phenoty pe: ca 
was 


Tallt pwas¢ 
1s] 
° Genotypic natio = Tt: st aD 


*. Genotypic phenotypic satio 18 $A 
Mendel’s Laws of Inheritance 
Mendel proposed 2- laws. 


scans Law ies of Segregation 


hes He 


ME when Parent is ‘Tt. 


* Based on monohybuid CcHoSsS nesults, 


&.g., in Tt soubinatioe T is s dominant ney 't’ 
‘ts recessive 


Prin as =. 
: Tinciples of Inheritance & Variations 


Second Law (Law of Segregation) 


First Law (Law of Dominance) 


Homozygous parent will produce similar 
gametes whereas heterozygous parent will 
produce different gametes 


OW OW WN OW 
dfffenent Both gametes 
rie $ourmed axe same 


i * OS UW 


eens | ()N-MENDELIAN INHERITANCE cme, 
a |ncomplete Dominance 


* As the name indicates, hexe none of the 2 alleles will expxess in hetexozygous cond- 


Why one allele is dominant and other is 
recessive? 


Nonmal, /unmodt¢ied/ Modt¢fed allele 
Functfonal allelesmakes ten can makes 
NoXmal enzyme needed OQ nonmal ox less 
to thansfoum a Substrate efsictent enzyme 
into product @ Non-§unctional 
: enzyme 


@ No enzyme 
NOTE: Conditions 2 and 3 makes ‘t’ recessive. 


-ition and the chanactenistic of progeny will be intestmediate between two extreme 
paxental chanactenistics- 


Ms id eal yen Bay Weare SR ase ; °o oo MTGE sS | ar By aaa pel ae 
} €9-> flowex coloux in “Snapdragon/ dog flowes/ Antinnhinium ox misabi lis) 4-o-clock 


Paxent generation] Ps Red white ' 
*Phenotypic natio: we 


oe @ Rea“ white 

: parents J. | 

Gamete 5: @©8®@ ® © 22 
\ J | 1S Both Hatlos ane equal 

Filtal-1/F, genenatfon + ) | ir Selfing : 


® Geno typ 1c natlo 3R RERn sax 


Fa-genentaiton : 


= Co- iarainanes Se 
"AS i name 1 fndfcate, hene otal ite 8) 


eo humans: 


Fo eat Om Sak oe aed pam mm ft te SO A ON EE: Fl Oe ome OP mY SO OE OO Ge Ut eg Sm on Om ee om we oe 


ep q) ene axe @ mb Neaai 


eigenecantle SEAR In a hybsid. 


oes Med ‘Easy Botony © 


e ABO blood gyoups ane c 
| te soit one ontsolled by gene't' which contHols +ne foumatfon of Suga 
po) Jone) that prot nude fxom the membt 
at mb*ane of RBC: 
e Gene I can have Balleies ‘mt 
namely- @.@ ana @ > bxoduce no suga% 


rm c ° o 
pModuce slightly dif tenent Suga 


Nand LY ame 
1 46 Hecessive 


COW ck Aamiy , 
equally dominant 


and can Sa together 3 5 


ET Myltiple Neo ——— as 


e 
Hene, mosxe than 2 alleles governs the same chawactex as in ABD blood grouping, 


gene'l’ has 3- alleles namely 1,8 and i- 


5 in single individual 


opulation level 


Pr 


| ° REMEMBER » hese 3-alleles ane found at 
: any two of these 3-alleles ave found: 


| ES Poly genic hheritar 


Many Benes 


mental influence into concidexation %envixon- 


* such inhenitance 4iB6 takes envinon 
> ment also {nfluence the chaxa ctex exes 
gt are 
} ontnol human Skin colourte:then- 


sumediate coloux and 


: 
| €-qg+y Human skin coloux $ human h 


< let’S say Tf B-genes i 
Kin colowrts pasece tt the Tnte 


acs A,B and € co 


eaabbee will give ligntest S 


Pleiotropy™ 
“Here, aingle 9 ra econtwomUNTE phenotype @xpnesstons™ such gene is 
9 NSM 
called ' Pleutnopic gene’ Rabe nen een 
pe ® 


principles of Inheritance & Variations . —_ hy ig 


* In most cases, mechanism of pletotnopy tthe effect of gene on metabolic 
pathways which contyibutes towands different phenotypes i-e-» if a gene 
which makes an enzyme that panticipates jn multiple metabolic Heactions 
16 activated , these enzyme can help to make difgenent petoducts- 

€-qy1n PhenylKetonu Hla, the mutation in gene affects (4) Mental HetandationT 


® skin # hain pigmentationy 
€-9-9 Gene'B’ contxol fn pea @) Seed Gi¥e J 


© seed GBR 
e-» BBY Round & lange seeds :@b) Round & intermediate seeds 3 bb~ Small and 
4 


wainkled seeds 


Neithest lage on small ¢. Shows incomplete dominance 


mes |NHERITANCE OF TWO GENES (DIHYBRID CROSS) emma 
° Heste all tualts in plants ane Same except traits: of 2-chanacteus whose inhex- 
~tance pattern ts Seen- 3 


€-4-9 Mendel chose wound, yellow seeds (RRYY) and winkled, gueen seedS (ux 4y) 


* 


Ogee Neo BY 


pe — = can 
fs DEnYbAid) Hoss 
| may also be called 
as product of @ 
Steet hiregr ee penn ntil hm, 
Monohybuta choses 


: 


—> Inactual,itis- 
(331) X (331) 


In actual, itis- 
| al) x Cian) 


“Med Easy Botony 


(NOTE? )0n observing Fa xesults, Mendel obsenved that botn yellow & queen 
coloux segregated in 3%) statio 4¢ Hound and wxinkled seeds aldo sequegate 
*n 331 Xatio- 
gon the basis of sesults of dihybuid cuoss- Mendel proposed the 3%d law/ 
Law of Independent assortment which states: When two pain of txaits 

ane combined ina hybnid , Seqnegation of one of the chamactexHs 15 
Independent to other palm of chanactens - 
€-g-, 'R’ can Combine with 'Y' and 'y' and Sirmilanly 'n' can combine with Y 
and ‘y's 

pommmmmmEmcc |, |] Y MENDEL’s WORK REMAIN UNRECOGNISED somes 

* Mendel’s use of mathematics tn biology is not not acceptable to many 

sdentists. 
* Mendel Stated that gene (Factor) axe stable 8 descxete units but 

It doesnot explain the continuous variations seen in natuxe- 
¢ Mende] also can't psovide prasisat bxoof se existance of factoXs- 

not Easy) So Mendel'S woxnk haven't 


en eauliet times, Communicatior 
neached a widex audience: 


ns ff ED) |SCOVERY OF MENDEL § LAW S eee 
°In i900, De vnies, Canl connens < Von TS5chexmak Hedi Scovened Mendels 


Laws of; Inhestitance- 
(hromosomal Theory of Fribverit aii¢e meemmmeecseenesicnaes 


It suggest that chXomosomes ane the Vehicles that 


canny genes to next genexation via. gametes. 
% Pkoposed Pg Sutton & Boverxy in [90a ion ate galled Chitomoso 


Homologous chuomosomes 2 Homologous chomesames sepanate 


gene-| idusting gamete formation. 
so Faq ctons/ genes carried by them also 
Gequegates 


gene-% 
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° Thdebendent™ homolegous’ chuomosome palts separates independently: 

oe Pats of chaomosome no-4 will eeqnegate independent of paln of chxomo- 
- Some no-a- . 

NoTeE: Genes ane present on chXtomosomes + They have similax ne ® 

€-g-4 they occux tn pains ® 04 sequegate during gamete formations they 

can be mutated etc. 


Morgan's Experiment smu 
"TH: Mongan was named flyman of genetics as he worked on Fuuiltfly 
Cpxosophila melanogaston) to prove chromosomal theory of Inhenitance: 


m VINY DROSOPHILA 7 
g iar Yi é 4 
@ Tt breeds veny quickly 5 lige Span = 1a to 14 days 


@ Trey bxeed throughout Me yea © produce hundueds of progenies pex 
mating (¢-‘sample sizeT) | 
@ Enuiglies shows 


sexual dimomphism't-e-) O69 Flies ane easily distinguishable 
Se Bem OEE Os come peer Sry be _ : s e 
@ it hasmany heveditory variations that can be seen with low power miicno- 


-Scope like diffexent eye colouxs 8 size of wings. 


Concept of Linkage and Recombination sm 


; ¢ Weer 
Physical@ZEpelatiomof 2 om moxe genes < loosely linked genes assont 
on a chXomosome ok 7 easily se ( 
* Tf linkage 5 genes ane present close ‘+ Recombination tT 
2. Recombinationy ace i: 2 Non- panental combingtfonst 
“+ Pawental combinations T ; 
2. linked genes donot assout independently Recombinants 
eh @ eA 
®F ef of o0 
OT ef © ey. 


Homologous Palx Cuossing over Gametes 


2 In linkage, two linked genes axe unable to sequegate ‘independently 
1. Fe watlo QEUmeRRaMmRESTER | 


a ae ane eee ln aed eel coteiatirodontcn teats Re 


Med Easy Botot 


Morgan carried out , 
g Several dihybrid crosses in Drosophila to study sex (xX) linked genes 


Wild Type/ Normal 
ant charar Results 


Brown bodied, Red 
eyed male 


Since body colour and eye 
colour genes are closely 
linked; the recombination is 
less (only 1.3%) 
Since eye colour and wing 
size genes are loosely 
linked; the recombination is 
more (37.2%) 


Yellow bodied, White 
eyed female 


ew yyww 


White eyed, Miniature 
winged female 


Red eyed, Large 
winged male 


wwmm 


ew - 
hen 2-genes ane present on same chuomosome , the bo pon tion of paxen- 


-tal gene combinations was much highes than non- pavental type due to 


bagel 
fe Linkage 0 — 


“NoTes Alfred Stuxtevant used me vise alten frequency between gene 


bans asa measuxe of distance between genes and ' mapped’ +neix bosition 


qey Ne" +1 ¢ maps 


on the chtomosomes- < He made different ' 


° These genetic maps axe widely used in Human Genome Psoject CHGP)- 


SS SEX DETERMINATION renee SS ISSR 


(Ghxomosomes 


‘Autosomes| Non-sex chomosomes ‘allebories | Sex chremysonies 


° They axe Same in Hand 9 ° Xx in human female 


° 44 autosomes in @ numan cell 


Ga sez is always detenmined by the gendex which fs 
Cpxoduces diggenent gametes) as in humans, Q- PXoduce only *x" containing 


t 3 can produce both 'x’and 'Y' contalning gametes 2d! detexmines 


xY fn human male 


gamete bu 


the $ez- 
genesis in Some insects and observed that 


“Hignising'" 1841» Shed Ss pexmato 
Some gametes } have a special gtnuctune called (H@Gyag) and some didnot: 
ne later called ‘x: chtomosomes - 


These 'X- bodies @ 
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emu 


Examples 


Sex Determination Female 
Mechanism 
_ XX-X0 Mechanism XO (heterogametic eee 
XX-XY Mechanism XY (heterogametic) Le wed 


| 22-2W Mechanism | ZZ | ZW (heterogametic) 


Haplo-diploid type of | Haploid “Drone” has Diploid “Queen and 

sex determination (single set of Workers” have 2 sets 
chromosomes-16 of chromosomes- 32 
chromosomes) chromosomes) 


@°- Honey bee - Queen a) a'- Honey bee - Dxone ) 
J Metosis J Mitosis 
@ @ @ Fentilization ® 


J Some eggs will fuse with 


H- gametes ~ E 
Some un fexti lised Gy Female pxoduced 


ART Pn ee OTRO 
eggs will Show paxthenogenesis, 


Many insects and 
grasshopper 
Humans and 
Drosophila 


@ Male puoduced without fextilization- 


3 MUTATIONS 


* itis sudden fenibable) Ccan be tuxangmitted to progenies) change tn DNA on 
RNA Sequence that Hesults in changes in genotype £€ phenotype of an oxganism- 


* Recombination £ mutations leads to vastiation tn DNA. 


p Xe 7 We Know nat a codon ‘9 THiplet C made of 3 
Nucleotides in RNA) and one codon makes an amino acid aftest tHanslation- 


# when one of two nucleotides ane Insexted ox deleted from DNA on 


Rye eB RNA, the Frame gets onifted- 7 e es | 
ES SET ke oO : 7 AAT 
eee | _ AATAGGAGACTC Seer S 


Ve oe 


_ AATCTAGgagactc —, RAT GAGACTC 
: ee kennel fennel Ceeecenell times ¢ 6.” Ratt ie ene ef eae : ts aes : Z 


<a 


et 3-nucleotide . ; 
If 5 0M nucleotides in multiple of 3-ane added on deleted fuom 
pNA Men Frame is not snifted. 


fe canny less 02 due to lessen 
Hb contained fn Rac 
Sickle shaped RBC 


Noxmal Biconcave disc shaped RBC 


cece A eters eor eee 
Nonmal Hb Ca) gene joel ae Sickle cell Hb(S) eae 
mRNA ode. mRNA 2 GUGe RNA changes 
when DNA 
__ changel 


1 23 4 56 i235 4 5 + 


“> Inconnectly aoe onin sam" chain is formed % Sickle cell anemia is a 


‘qualitative problem. 


(NOTE: Since, genes axe pxesent on chromosomes * mutations may wesult 


in abnosmalities om abbexations of chnyomosomes- 
e-9-» Ch4omoSomal abexations ave seen ‘cancest(cells) 


——$———— 122 


Mutation generating agents . 


epee, Creams 


@AyBrY nays > »>X-HayS © : Mustand 995», phenol, formaline, 
fun ale: ‘ed acetic acld s formic act, 
NHs ete | 
fom dnymin 1e di me wnexe e Hyyiine bonds 5 etc 
with anothex thymine Instead of adenine 


PEI S LCoS An sree MUR GRIP gee ee Hee ar ee 
= oe oe 


nem PEDIGREE ANALYSIS 
"Unlike lowes onganisms, contuolled cHosses cannot be donein Humans +o 
Study the Whertitance batteuns. 
* Study of faniily history about Inhesitance of a panticulan tuait provides a 


good alternative. Such analysis of family histoxy fox seveual generations is 


called pedignee analysis. 
@ SUMBEE) used in pediguee : 
i ft ~Sex ~ Af fected/ 
es unspecified EI® © area 
Individuals 


el consangenous mating/ 
Ef © mating between Helatives 


— Srunaf fected of fsbuings 


Diseased pHogeny 


Sex-inked disease 


ire ee 


Clinked to Xand X ChHomosomes 


X-linked’ 


Ahad Ad-daeudes ‘'aa- diseased 
‘aa- noumal ‘AA and Aa‘ normal 


Conly 7 In 1a 


Recessive disease 


ae a SME Tutecabed 4 shee x*x* and x*y - anes 
Ae | xox and x°X* ~ Nosmal 


ME | Disease’ 


y*y* ~ nonmal 
17. discaned: le ce wanes Shans 


ee ee 
é - 


Sats Med Easy Bo of 


& av. A ih) 
AnD. Bd § 7U 0s en ah 
CUN. © CRACK PEeniaRee: 


Solving pediqnee ts Tmpontant but eliminating incommect option will gave 
oun time: 


‘STEP-1? Always find in finst steph whether pedignee. 45 dormant on Hecessive 
e pominant disease will Weely be present ‘in eveny generation DS yecessive 


disease can likely skip genextation. 


gteP-2! Tf disease is dominant, then solve fon autosomal 8 sea-linked 
erep-3: Tf disease is Necessive , check ctliss cross pattern 
If cHiss cx05S Sshowns x-linked 
If cxlsS cxi0SS not shown: Autosomal 
GGA ways wecheck your answes by Solving pediqstee to venify your answer 


qe (5 NET |C DISORD RS 


* Disondens due to change in gene on ChiomoSomes- 
°These canbe of 2-types namely sair Mendelian disondens 
Lip Chromosomal disondexs 


rents Dis or ertS I 


© Pattern of Be Ghnces of tnese diseased can ee nimted by Pedignee analysis 


eIt canbe undeneteed by bediquee whether the disease is necessive ox dominant- 


sfckle cell Anemia Cautosomal HecesSive) 


Gyetle Fienesis’ts also autosomal xecessive 


Myotonic dystuopy CAutosomal dominant) 
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Mendelian 
Disorder 


- Colour 
Blindness 


Haemophilia 
(called bleeders 
disease) 


Sickle Cell | + Autosomal recessive diseas 


Anaemia 


Phenylketonuria 


et giana me nnee 
-» Thalassemi 
ESky one 

aan at aaa. 


ess 


| QL HbA HbA 


Features 


e 


X-linked recessive disease 

* Due to mutation in certain genes on X-chromosome, ou green and red 
cones of eye are affected 

C) Red colour blindness: called Protanopia 

Q) Green colour blindness called Deuteranopia (mountain ats is mia 

* Affects 6% males and only 0.4% females: as in males on eat ie 

chromosome is present thus if it is affected, the male will be colour bling 


X-linked recessive disease: a single protein that is part of cascade of 
proteins involved in blood clotting is affected 

Thus a small cut can also lead to unstoppable bleeding . 
Controlled by alleles ‘H’ and ‘h’ where ‘h’ is recessive and thus responsible 
for haemophilia 

--HH (normal); Hh (normal, carrier) and hh (diseased) 


Queen Victoria was career of this disease so many of her descendants 
became haemophilic because of her 


NOTE: female being haemophilic is very rare as she needs affected father 
(survival chances are less) and carrier mother to become haemophilic 


rN 


+ Controlled by single pair of allele Hb4 an 


1 


(normal); Hb*HbS (carrier); Hb‘HbS (affected) 


Autosomal recessive disease (inborn error of metabolism) 
Human suffering from this disease lacks an enzyme named phenylalanine 


hydroxylase (due to single gene mutation) that converts phenylalanine 
to tyrosine. _ 
Since phenylalanine is not 
phenylpyruvate which accu 
retardation 


As phenylpyruvate and their derivatives are poorly absorbed by body, 
they are usually excreted through urine. 
sease 


getting converted into tyrosine, it form 
mulated in brain and cause mental 


seuss 


= 
TE . 
Chromosomal Disorders 


o 
e The disease Caused b 
Y absence on excess of chtomosomes ox abnormal annangernent 


of one OX MoNe ChHomosomes. 


It Is gain oH loss of ChXomosomes clue failure many eats 


of sequegation of chHomatids dusting cell division ° Incuease in whole Get of 


e veny nane In humans 


Total chromosomes=H4 (a pair (s cytokinesis aftex telophase 
reduced) 
Monosomy (2n-41) Total chromosomes=45 (a 
chromosome is reduced) 
Trisomy (2n+1) |. Total chromosomes=47 (a 
chromosome is added) 
Tetrasomy (2n#2) | Total chromosomes=46 (a pair is 
. added) 


* Describes by Langdon Down in 1666 where all 
_ chromosomes were normal but instead of two, three 

- copies of chromosome no. 21 are found 

«Can occur in both males and females 


© Quite common in plants 5 li Ke 


the wheat that we eat is hexaplo- 


id @ 


Down's Syndrome or Mangolism 
(21st Trisomy) 
-. Total chromosomes=47 


| Q Symptoms: the affected child will have short stature/ 
height; small round head; furrowed tongue (have 
crease); partially open mouth and continuous salivation; 
broad palm with characteristic crease (deep crease) and 


, physical, mental and psychomotor (locomotion) is — 


retarded, congenital heart diseases 


One extra X chromosome in males thus male will have 
overall masculine development but GYNAECOMASTIA 
(development of breast is also seen in such males) 

- Males become sterile 
Mental retardation f 


Klinefelter’s Syndrome (44*XXY) 
:. Total chromosomes=47 — 


Thus female will have rudimentary (non-functiona 
ovaries) and thus no secondary sexual characters ar 
seen ite EE 

- Female become sterile 
« Mental retardation t 


‘urner’s Syndrome (44*X0) 
+ Total chromosomes=45 


= 
= a 
3 Sse ee ee eee 
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MOLECULAI CASIS 


INTRODUCTION 


° 1s the genetic matenial jn all living ouganisms- 
¢ | 
, Moni o@ fel 1D \\ke coxona vinus, 


o§ ongarisms tobacco mosaic vidus etc. 
Cmoxe stable) 


GAIN ay 1S mone sxeactive and less stable) 
° Nucleicacids axe also called (Pe 


U unucle ott ‘id 


€5 “+ they axe polymexs of nucleotides 
NUcLeoTiDe) 


Nitwogen containing 


aie Gites ‘ es pay oll 
molecules : | Ribose sugaxt in ‘Deazyxibose sugan 
i : : — = Ser 
| : RNA in DNA 
eo » ¥ ‘s a es oO” a Ho Hoc? . 


i patos 4! 
(4 pepe e membened) : 


5 t 
Ho Hc 


4! J 
€-94-yAaloo,Gobni  &9-» C,U,T> Thymine 
< 2 Unacil 

Adenine Guanine Cytosine : Re 
Due to extna ozygen Delete 2'oxygen 
at 2'caubons Seacti vityt 

: ‘stability = 4 Deoxy Hibose 
_ Nituogensatall Nitstogens at all eae S Stability T 
_ odd positions odd positions - WAL AsT aie ane peecent 
. ener B i.e. ee except 5 ery i : 


| icc are Pe Hesent. 
“wil bind to sugar to make N- palyigelati bond 


en i 
Nitxogenous base + Sugar = Nucleoside 


SEE enaaay + Phosphate = Nucleotide 


| potymeniise 


Polynuclectide/ Nucleic acid 


1’ 
connects -2-nucleotides 


(OES ie (Pe pet et ie 
a Salient features of DNA: 


» Most common type of DNA is 


Phospho-diestex bond 
B-form of DNA- which was elaborated 


ie -its 


DNA iS double Stranded whene both 
stuands axe anti-pasiallel e+ 1f one stxand 


is 5'->3' then+the other one will be 35" 


“Backbone of DNA is formed by Gugadi® Pou” 


5! 
> \ piameten=2o0a° 


Nitttogen bases axe benpendiculax to backbone they face inwauds 


— > ag RT, : ° 
Atusin = 360° called Eich contains (base paiw ren tunn 
length= BAAD ox B4nm 
3. Distance blw2 riituogenous 


bases = 34A® — 3.4A°o% 0-34nm 
Back bone = Sugaut+ Pow to 7 
| PNA in out Single.cell has 6-6xt0" Dases : 
s.Total lengin of PNA= GentotKowMAley 
. a-ametnes [cell | 


Stacking Foce 
2. stability b/w pase painet 


eT allie sla alin a antec rie eRe Sr ith agt et als 731 
—-—-— = . . 


Molecular Racie af Tahenitanre pare Siac eas 


SSL ANSI | [-{ EY A venom ao 


* Tre length of DNA is defined as no- of nucleotides Con palX of nucleotides 


Called base paix) present ty it. 


* Wis numben is constant {n all oxganisms of a Species: 


[| CrganismsS~*d Number of nitrogenous bases or base pairs 
ct Bacteriophage 6-174 


5386 nucleotides 
Bacteriophage Lambda 48502 nitrogenous base pairs (bp) 
Escherichia coli 


are 4.6X10° bp 
Haploid content of Human DNA | ——S~SSXTO bp 


a In dsDNA; the propontion of punine = pyximidine 


7A pains with'T' by making 2-hydsogen bonds and ‘c’ pains with'G’ by 
making 3-Hydtogen bonds. 3. we can boedict the nucleotide Seq uence on 
a Stand if we Know sequence of one stxand 


*. Both stuands of PNA axe 


Nitrogenous base Nucleoside made in RNA/ DNA __ Nucleotide made in RNA/ DNA 
Adenine Adenosine/ Deoxy-adenosine Adenylate or Adenylic Acid/ Deoxy- 
~ adenylate , 
Guanosine/ Deoxy-guanosine Guanylate or Guanylic Acid/ Deoxy- 

Guanylate 

| Thymidine/ Deoxy-thymidine | Thymidylate or Thymidylic Acid/ 

: : Be HA ees Deoxy-Thymidylate 

See Cytidine/ Deoxy-thymidine Cytidylate or Cytidylic Acid/ Deoxy- 

Cytidylate 


: Uridine/ Deoxy-uridine . Uridylate or Uridylic Acid/ Deoxy- 
: are Uridylate 
* ExleddichiMeisches C1964): He solabealbNA 


for finest time & called tt 
‘Nucléin’ asit was Isolated som ‘Nucleus’ of pus- cells. 


“Altmann: He identiffed ‘acidic’ natune of DNA and «called Tt nu 
NOTE) Purine always palus with pyximidine and vice- 
distance/dimetex of DNA is maintained: 


2 acids 


VeHsa So that unifoxm 


_— 
eS te ‘eae pn, ss See tek de ck a nas ee Sa 


Med Easv Boton 


nitsxtogenous bases In a cell 
34K x 6.6% 564 
RZ metnes 
“ packaging is needed +o fit Such lange DNA iN oun small cell 


n Gnerohangotes) Clike €-colt): 4he negatively charged PNA Cdue to phosphonic 


ds-cixculax acid) Is Packed by Positively charged buoteins 


i 


DNA ‘to make ‘nucleoid’ 
Positively changed proteins 
te DNA is not Scattesxtxed in cell * ‘it is bounded by pxoteins- 
2 Negative changed DNA 's ‘initially wiapped anound positively 


changed histone pxoteins Cdue to highex amount of basic amino acids ive-s lysine 
and asginine- 


‘NucLéosome» DNA 


Negatively chauged DNA | 


wrapped axound octamer Hi Stone 
(~aoo0bp/ nucleosome) octamex 


e¢ ¢ 


P octamexs pack more tightly 


3" De me looks like beads 
onstxIng =| 
NucleoSomes 


DNA of chtomatin 


Chtomosome & (Up 
CSeen best at yr “y 
metaphase) VAS 
oy ud 


i VV 


chHomatin fiber 


At highe H level of packaging Non- Instone chnomosomal cue yiotelname-sean 


* Histone octames is formed by 8-histone units ey H2a histones +@ H2B 
nistones + @Hs histones + @ Hy histones. 


o 9 
° These histones alongwith wHapped PNA ane called nucleosome which is 
me Hepeating unit of chromatin: 


Co . 


Heterochromatin Euchtomatn 


* Tightly packed # densely stained * loosely packed *+ lightly stained 


* No place fox binding of trans chipion *THanscxiption factons can bind 


factous s, THans cuiptiona lly inactive ~ fe THangcutptfonally@eave> 
ms SEARCH FOR GENETIC MATERIA smmmmammmmsmsessscomanss 
ms Griffith's Transformation Principle (1926) mmcmmmmmmm 


He ezpextimented on Biplococcus] Stwe ptoccus bactextia nat caused Pneumonia 
| 27 ©@ chains? S6@688_ 


° This bactestia had 2- diffenent stxains i-e-, Smooth(s) and Rough CR) 


It makes smootn Polysacchawide coat 


that, pxotects it §40m host's immune Sgetem 
2. can cause Eeumonts 2 oie 


lack polysacchanide coat 


ee can't beat host’S Immune 
System 


4, Mice + injection of HEAT KILLED S-strain 
_ bacteria and living R-strain bacteria. 


‘a 
__eeeetne 4™ case in abo 
aesutt ; a Ve table was unusual as both heat Killed ‘s'-stxain 
' : bas a « 
r'stHain AHE Non-virtulant but still mice die and live-'S> bacteniums 
ane necovened fiom heant of mice . 
antes Guifsi 
conclusion eae red that some ‘THansfonming Pxinciple’, was 
puansfenned fxom heat Killed S-styain bacteHium Into living-'R ainaln 
pacteHtu™ 
z Restsain bactenio got thansformed +o S-stnain 6 became vinulant « 


‘ qniggitn did not Knew about the chemical natuxe of this tnHansfoxming principle: 


_=biochemical Characterisation of Transformation Principle = 


e (@EIAA ,AVEHY ) Macleod) and Mecauty) tied to find out chemical nature 


sf guiggtth'S tHansfonmation puinciple. 

eTo check that which chemical tuansfoums R-cells to S- cells: Aveny & hex 
colleagues puni¢ied varius chemicals like Protein» PNA» RNA from eat Killed 
‘5'- cell | 

a GREWEIOND 

| when protein Cdigested by protease) and RNA Cdigested by RNaSe) ane stopped 
Heaching to R-cells the R-cell is still tnansfoumed - 


MatioM 2. ane not genetic material 
2 When PNA Cdigested by DNase) stopped neaching to R-cell? the R-cell is not 


thansfoumed 


«fn a ©. -esan * SO on 
-<DNA is Hesponsible fo 


») % DNA is the genetic matexfal- 


*OmMeH Sclentists wexe Still not convinced the PNA is genetic matenial 
because: — 


Or prove tat ‘DNA ts the genetic matenial , we ettll needed broteins 
Cenzymes) IfKe PNase » RNase , PHotease: .. 
@ Bactental tuansfonmation was not Very accepted process at that time 
“swans Hershey and Chase Experiment (Blender’s Experiment) sem 
fel b NAY contains phosphonus - tagged with Radiactive 32p ved 
Patein contains sulphun & tagged with nadtoactive 35) 


idee ae ES OE ee ee pi rer ee eee te 


“ om 
“cular Basis of Inheritance pie \ Pr sires 


Pate rift aoa 


i ee ee sR TES: Pier ened 
“Two Bacterfophages wene pxeP 


DNA was Hadio Labelled 


Protein coat was xadfolabelled by 32p 
by 256 
Bacterial cell Ce.colt) 
E-coll cells ane gently agitated by | E-coli cellsane gently agitated by 
a blendex +. called (blendens expen - a rie 
} | | . i 
*. Phage panticles weve Sepatated 2. Phage particles wesxe SepaHated 


fiom bactenta | | from bactexia 


Tne cultumMe was Cer 


"4 


W after that 


Radio-active Paxt donot 


Light Pant 
: entex me cell 


Radio-active pant entens 


bacterial cell 


$. (DNA. 


Heavy on 
o 

Bactexial 

cell-fxaction 


S- Pxotein is not genetic 
Material | 


*- Hershey 8 chase gave Unequivoca Z nal Pro $ Mat PNna ‘is genetic matenial: 


=Properties of Genetic VO OO —EE 
DNA vs RNA 


a se 
Sy eee es Se $ 


le than RNA (as RNA have an 

extra 2'0H on sugar which makes it more 
reactive and less stable and it also have 

: Uracil Instead of thymine) __ 


Sep anaat.. ates he ee oS eo as : Fs us ee a ase 8 Sw Med Easy Boton 


3, Shall provide scope for mutation RNA being unstable has a faster mutation 
rate than DNA 


k, Shall be able to express itself in form of d then makes 
mendelian factors ie, they shall make enue reettaratala 


proteins * RNA can directly make proteins (faster) 


NOTE? Since PNA TS stable, it is a betlere matenial for storage of genetic Infox- 
- mation wheteas RNA is better fox transmission of Information: 
ein Gniffith's expeximent , some bHopextties of PNA didnot get destnoyed 


even aftex heat killing S-stxain bactexiq due to stability of DNA- 


me PN A LW ORLD 


* When ouganism started. ortiginating € evolving on €axth, they need 


a molecule that can play multiple xoles and can evolve fastex -- RNA 

| tuned out tobe finst genetic matestial on Eaxth which latex evolved 
as DNA for stability: 
¢ RNA can work in digfenent ways : tt. can be B and RNB 


Messenge RNA can act asMessengen on 


as genetic matenial 
can Show splicing 


can do translation makes ribosomes | 235XRNA 
is enzymatic 


| +o make puoteins 
_S called (RIBOZYME 


purer [) N\A REPLICATION susmmsmmecmeees 
} means- ‘Copy’ 
Itis a process by which DNA make its own Coptes. 
mus Semiconservative Mode of DNA Replication =m 
ae 
50¢ conserved . 


z. Only 50}: of the newly formed DNA Is actually 
old DNA new as 501* PNA TS ConseHved: 


nds sepanates «Geiss 


fox xeplication: 


== Se kN aaa aaa in a ae a ler ac ad ai Ca rrr ar een re 
== —— 
seen ee eee eee 


Molecular Basis of Inheritance 


°DNA Heplication 1s semi- conservative : thisis proposed by Watson ¥ Crick 
but they gave nopxoof fox this - 

@ Meselson & Stahl Cin 1953) gave experimental Pxoof that PNA neplication 
is semi- conservative : they experimented on €-coli C prtokanyote) 


Genenation: 1_ 2 5 4 


cultuHe 
medium Cane 
Nota Hadioactive — N'?: heavy Ni4e epee 
isotope 
CScl density 
gradient 
centnifugation 


weet animing. vas MYT _ "NT 
vig ~ Ra LON — 


Signal 


Photographs of DNA 


Intenmediate DNA Suggest that half N'3stHands ane Hxetalned and half NIN Strands 
axe made new 4, Semiconseuvation proved, | 


ee achingey and Encyinée for Répllcatianseemememass 


e ‘ont’ on ‘onigin® Of Hepiteatton’ ‘sg the point from where mepteation Stants. 
* The. unit 0 DNA naving, one’ ‘onl’ Ts called ' 


Bacten tial PNA, 1s small. f one ‘owt On epilsee Is present: Me 
_ condition Is Seen. | sa 


og in RAGES ne a oe ae - muldnepfcorhe condition te is seen: 


* When PNA stnands open duning neplication : \Y' Shaped font AK ts. fonmed. 


SESW pn Paine senbenantenenatennnheaecnanennanended (1G 


184 ree ee one a eee Po ek ey eee ere A ee — 
ree PSE eet | OLS a ons : o> Med-Easy B 


by ee unwindase unzips the DNA stuands 

eq - ° 
Gin eee H-bonds between NitHogenous bases 
dite ction of unwinding 


+ 658 (single strand binding) pxcotein 
3! “Prevent xejoining of stuands 
" ° PHevent DNA fxom nuclease 


ea oA 


Removed by polymexase-l 


pue to unzipping of PNA, | 
g.used in DNA Mepaixt 


coiling | tension occus ' 
"in tnis pant which 1s | one ae ; 
| : RNA pximest that pHovides 

nelelve A by TO PolSome Ha 52 / 0048 ' 
initial 3’-OH fox foumation 


o£ phosphodiestex bond 


| dinection and this stnand is moving 


_ Sn the divection of DNA opening 


okaxaki fragments axe foumed 
‘tnew stuand is synthesised in the Z 


ditection opposite to DNA opening 
:.Blecontinuous) Lagging stan 
lp eae e oie . j a 
* DNA ligase! cmoleculan glue) joins these okazaki fragments by making phos- 


pa 


-phodiestest bond petween +nem: 


PNA polymestase do proof xeading & contiect it 


AF G EAT | 
Joo wou 
T46@oq tat 
ide snconponated 


SS. wnong nucieot hee 
: pletes Ito Hepitcation within 1% minutes” 


* coli Containing 46x08 base nie oe 
@ pains] $ nds 


hey at a speed of (goo0 ba 


°°. DNA xeplication involves unaibping of complete DNA in a cell 


“+ Meplication is energetically expensive the nucleotides coming fox tne format 
-ion of new stsand contains 3- phosphates 


-phi Dsphate ates used to give enengy, One phosphate 1s used to make phosphodiestey 
bond 
* one PNA stand is discontinuous, pna Heplication is called semi-discontinuous. 


Wm Central Dogma of Molecular Biolo 


gy (by Crick) 
Replication 
THanscuiption THanslation 
PRO. ee py 
DNA 


—;, ©8000 
RNA Puotein 
oo al ° °o. 4° ° 
‘NOTE ? Some vinuses like xetnovistuses can Show Hevexse tHanScniption j-e., 
they can convent RNA into DNA: 


es Transcription 
* It is the process of making RNA fxom DNA ( 


*the main enzyme ‘is DNA deben- 
~ dent RNA polymesase). 


CF thymine is absent) 


Since, all proteins of all cell ane 
not Hequined In the cell together» only the imposttant genes axe expressed and 
converted to RNA- 


Also 9 


not all cells expyesses all genes @-g-9 Pancneatic cells makes ‘insulin pxotein 
but heant cells donot ezpness Insulin gene. 


= GhigioneSNAe manda pep ene tse ARERR 


TGcataeae na “If both DNAStHands will act as template fox 
IM Wo ag RNA formation, then both RNA stand formed 
fo 
,TACGTAT GT ATT ‘i 
Ce ee peg 4 mR 9 ie ° = ' 
3 Neots will be Goble mentary)t 0 each othex dsRNA 
will be(foumed 
f xtibosome can't bind on dsRNA % Tt will get Inactivated 
@* a ° as! 
i Gq mt i i i 1 MN i Transcription VAC GUA UGUALY 
—_ + 
ee AVG CAU A CA UAA 
3 + tt 5! ie ee ee 
dspna de’ : 
Both RNA stands have alfferent! coaonsy:, Mey will make dig¢gesnent : 
PHoteins which will complicate oun genetic Machinexy 


Transcription Up t 
e Ibis that fxagment of PNA which panticipates in tuanscxtption - 
et Txanscuiption takes piace from 5'-73! dinection % 3'>5' stand of DNA 


act as template. 


RNA Polymenase binds here 


TAC pUranes ye te 
EPuomotex @ 


e Tyanscxiptional Unit nas 3-pants : oh 


nes the piece of DNA that is to be convented to RNA 


©) Geninaton> tuanscxiption ends hene: 


» Template stand is converted to mRNA: 
* Coding stuand in actual donot code fox anything but act as a frame of MEFEMENCE 
Its 5'end will have pxomotest and 3’end will have texminator 


>> —$ $$$ > 


Tex minaton 


PHomoten 
Template Stand | 


Codfng stuand 


Transcription in Prokaryotes == 


@ initiation 


Pxomoten neqion sigma facton Cinitiaton) 
RNA polymenase. 
cause local unwinding <7 — 


of DNA helix 


APE A - a 
@eélongatfon. 


when polymesxase is alone, tt 
Rolymenises RNA 


' @TPGTP, UTP 28 
CTPaxe added 
_ Acc-to DNA template 


aes tee aber 


RNA Helessed Rhoctastae: i spciiae 
- CTerininaton) 
Pele LENE, NO polmene with '*' factox acts as Initiation 3 qlone-it will do 


; Clongation swith’ 2 factor » it. will de tenminatton “RUM Balymeasets dynainte, 


dleay ce WLS j 
Bu, coullan Basis of Inheritance : 


7 NAC G@)- sepanated 


@ tenmination 


a; are lis, LLOTED Ry ALIN aye” Sty 
B In cukanyotes, inere ane A-othen complexities: 


COMPLEXITY- I: these ane at least 3-RNA Polymenases in nucleus which makes 
diffenent RNAs. 


Type of RNA Polymerase RNAs Transcribed 
RNA Polymerase-| rRNA (28S, 18S and 5.6SrRNA 


RNA Polymerase-ll hnRNA (primary transcript) that becomes mRNA after 
maturation 
RNA Polymerase-lll | tRNA, 5SrRNA and snRNA (small nuclear RNA) 


teen GR ESS ee de Py a 6 +1 
ComPLEXITY-22 PHolwanyotic RNA contains coding Sequences only but eukanyotic 
hnRNA has many non- coding Sequences Cintxons) between coding Sequences 


Cexons)- % These non- coding Intsons aXeto be snemoved to make mRNA- 


S Clike splicing, 


Immatune NnRNAS hetexogen- 
3' -OUS Nucl€aH RNA 
~ Ccalied 4° THanscati pt) 


IntHons & exons split each other +. Split gene anxangem. 


Splicosomes :. Intttons Hemoved 


5 
Sy adandis TAIL 
" Gieg C 200-300 adenine) 
5! 
| i 
m 
5! Gppp 


Matuned processed mRNA 


mms GENETIC CODES SS re ae reenneeerer eee 
* The language of DNA & RNA 1S same ‘-e., Mey ate made of nucleotides but 
the language of pxoteins is that of amino acids: 


#- We need genetic codes to’ tuanslate Codons 


present on mRNA to amino-acids. 


Med Easy Bot 


gp qeonge _ Suggested tat genetic code isa txiplet - 
ana C © 
If AsUs G Codes fox 4 amino acid each : at = 4 amino acids can be coded; 


n Mey make doublet ; 42 = ; . ° 
whe t247= |6 AMINO acids can be coded (Still <a0) 


when they make tstiblets 43 = 64 codons canbe cHeated (720) 


EL S di ‘AMVRAEAD +s 0 
6L codes for iffevent amino acids 3 axe stop codons 4nat tenminates 


| +anslation le-» UAA , UGA» UAG 
Cochne) Copal) Cambes) 


mc: these axe 64 codons and only 20 amino acids + it 1s veny evident that 
74 codon can code fon 1 amino acid Ccalled degenenacus 


Har Gobind 
Khorana 


Marshall Developed cell free system for protein synthesis i.e, RNA synthesised by 
Nirenberg Khorana sir can be converted into proteins to understand which codon has 
- made which amino acid 


Severo Ochoa Discovered “Polynucleotide Phosphorylase” that can make RNA in a 
. . template independent manner ie., we can make the sequence we want (no 
template needed) 


Second letter : eperege 


—E - @ hey ane 


@ One codon can code fox only one 


amino acid tnambiquous 


txiplets) 
S39 ee 


‘ei 


Al = @ They ane degenetate 


First letter 


no punctuatfons 
@ Auars Initfaton codon 8 ‘it also codes 
| fon metnionine 3 Initiaton codon in 
puokanyotes ts methionine 


@ ven, uaa and vag ane Stop codons) non-sense codons that denot code fox any 


amino acids 


Sees : afi per eR si ary 
¥ Genetic codes axe nearly univ! 4150 


in humans) + ‘gome exceptions occun In mitochondria < protozoan codes — 


Cuuu codes for phenylataninetn bactextum ee 


= 4 ATS" 
es = ee ee ee ee et es ee ee oe us % 

ieee : ee ne om eee ee ee ee ee ee ee ee . 
oe se we : ep ae = ee 
= on 8 3 


Moleculap Rndiciné Talctences: 


? VAC 
@) Mey ane not overlapping : AUGC AUAAUAC ice intl adieh ithe 


Wee Transtation (Protein Synthesis) summa 


° Txans lation needs eveny type of RNA to be used. 


@, MRNAS 
@ aru Ae 


‘tt acts as a template fon protein synthesis 

Stuuctunal Hole : make aibosomes Cpxotein factonies) 
catalytic Hole: <3SxXRNA works as Ibo zyme 

® raat 1a ( thansfes)) cand SRNA ( ‘Csoluble) = the xead genetic codes on 


mRNA and bsiing Specific amino-acids fon protein synthesis 1 @-5 they 
work has adaptons. 


5! 


“A Aminoaddacce- 5’ 
er) = ptoxend 


Anticodon complimentasty 
te codon can identify / 


; mel” Head the codes 


AGu u A c_ bxing Helevant amino acids 
5! ro 
et ——— 
codon mann grand Codon .. 
_ fon Specific aming atids 
° tRNA'S @-dimensional StxuctuHe look like los af 


Clovex leaf': mode} given by Holley 
°In@Dd, dueto hydrogen bonding, it loolrs Ike t ieShape® 

“3 Stop codons don't code fox anything Mey. donot have any trna. 
a Wasting: The anticodon loop of +RNA Heads the codon on MRNA and | 
| Speci fic amino acid fxom cytoplasm { Is attached to 3- -€nd of tRNA | 


4 
= 


Called amino acid acceptoy end Ccontain specific CcA Sequence at 3' end) 


| 

a 

di 

BEB - aii505eI1¥RN on chongeditRin — 
a Steps in Translation 7 


° It takes place in cytoplasm *s Wibosomes are present tn cytoplasm 


* Connect amino acid Is attached to tRNA by aminoacyl tRNA. synthetase enzyme. 


EE ON Ne 
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“ia 


@ tritiation: formation of beptide bonds need energy i tRNAS aXe 
cnarged initially by aminoacyl tRNA synthetase Cutilise ATP) 


« smaller subunit of XIbosome attach to mRNA Ctemplate) 3 this small subunit calls 
langen Subunit of Hibosome with help of Mg?* tons to make initiation complex. 


o e ° 
e Nows this complete Hibosome moves ftom 65'S) dinection on MRNA ; Heading 
its codes & making protein. 


« Lange subunit of sxibosome has 3- sites: 


(f)'A' site: Acceptor / Amino acyl site : chauged tRNA bind at tnis place 
(iiy'P’ site? Peptidyl site: peptide bond foumation occuron this site 
liiy"e' site Exit site: empty tRNA takes exit from this place- 
@ Elongation: te tRNA tHansfexs an antes acid to the tRNA Counesponding 
to the nezt codon- RiboSome the move to tne next codon on mRNA in 


5'-3' dinection creating an amino acid chain- 


.. acid x4 . Peptide bond formation S 
tRNA | 
- e se : 


@ sesiertnatton® it occuns when ‘A’ site of MRNA encounteHs any Stop codon. 


° At ends a'nelease’ factor binds stop codon that terminates tuans|ation- 
*Tnis leadsto dissociation of siibosomal subunits % polypeptide Cpnotetn) 


is also neleased - 


ems REGULATION OF GENE EXPRESS10 N sxsmemmmssseseens 


° in ene IS No” 5 Eommgantmentallsation> + Tuanscniption < 


tuanslation can take place together in same compautment+ And neste, post 


tuans cui ptfonal processing Is not needed as Intnons ane absent. 


‘. Main Heqilatfon) tn puokanyotes takes place at the time of ('TRANSERIPTION'» 
“Gaeiianyoleed tne neguiatfon takes place at multiple levels: 


sae eS REBT SSH NBS ASOT SB Eee 
- ’ 
a 


Mo 


“ lecular Basis of Inheritance 


@ at the time of tHanscnfption 
® at the time of processing hnRNA to mRNA 
®@ At the time of transporting MRNA fsiom nucleus to cytoplasm fox tHanslation 


@ at the time of tHanslation 
ms Monocistronic and Polycistronic Arrangement ™== 
—_—— ae 


Single piece of DNA that “Fmany 
makes a functional ae prokanyotes 
poly- peptide 
© one promote #% opextaton leads 


° This axntangement fs seen In Eukanyotes’ 


e Hexe, one puomoten & opexaton contHols to expuession of Many genes 


eabession of single gene only €g- One switch can tuxn on various 
€-g-1 One bulb Iight up by one switch enan Pules Aelia tan. Cicer 
Fn Diwalt): 


es ()peron Concept oy 
"as 


An auxangement whee, a 


common, PHOMOLENT ST Opexatost) expresses multiple genes (usually xelated to same 
pathways: €-9- Lactose CLac) » Valfne (val), Axabinose (Axa), Txypto phan CTp) » 
Histidine (His) opexon etc: ee 

@ e-9-s Lac opexton which has the following components: 


BO as Sho 
® § s@ 
. SP Paty ° 
a Pxomotex CRNA Polymenase binds 


~ Inhibitox on Repressor hese) 
Cbindsto opevatox) Structural genes 
TRICK? Ro’ Fe, wy 
Jt Sa Tnans-acetilase- Tactivity of B-qalactysidase 


8 permease 


Be OSldase! = g8 es mar. 
(wnira ick Ee, SUE | 

, lactase into CT penmeabilfty of cet membxane fox lactose 
glucose 8 galactose) to entex) 


(nore? a rinimum expuesston of pexmease Is always needed to let lactose entest 


Me cell ; 
° Regulation in lac operon ‘is called negative nequiatfon as It is Kequlated by an 


aay OH 


{bi Bi Ei BON gh ti ete 
‘inhibit on/ xepressox Cnegatlve ‘in natune).) 


PO SEE OS ee Oe OH OF OO On Os Sn oe en Sein Oe ee en ee 
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a“ 


\S an ‘inducible ‘ 


Pexon C ’ 
ta ° ca i ® 
“lly geen 1n GFP) state due to activity ne Induced / activated) as it is usua- 


J Of nepstes 
S 
4ne enxymes need +o beak batten P o%- But When lactose is present » 


€ one also t 
obe m ‘ 
», Lactose itself acts qs an induces ¢ | ade 
Ox lac- 


°,°? oPeston: 
yomoten Tahibitont /Repressost 


gon eM e550X 


a coud Promoter Fox Zyanda genes 
| EAI: eee ie ie In absence of Inducen 


Oe? 4 
Repxessox MRNA | Bind to openator "2 openaton is blocked, the 


% Block openator,  Polymenase wort Heach to'Zsy° 

= and ‘a's. the Sees aicen: 
Repressor INA GA is yane not tHan 
-tbed on tuanslated 


Pxomotes can move towands Z,y anda 
e e 
“- they ane tuanscnibed & translated 


In puesence of Induce 
Clactose puesent) 


OOO 
ee ie mRNA 


mRNA 
Repressor GD | | | 
; ao B-galactos}dase permease tnansacetylase 
yn 
Lares ‘Inactivated Hepuessor 
(induce) 


de can't bind +o opeHatort 


Cre Gene eapression Is regulated by ‘metabolic’, ‘ phystological’ and ‘ennonme- 
-ntal conditions of a celle 
° Development % ai sfenentlation of embryo into adult 's also a Hesult of expuession 
of Several Set of genes: 
a 
recs {UU MAN GENOME pose (HGP) 
ese aam Sten ry ism: are 
entfie DNA fn haplel? get og cnnamosome of "0 ongan 
*INHGP, total 24 chuomosomes ane studled =* 


* Genome js 


=e 
aon aces ema aae eam 
a eee - —— 
mea 


. Molecular Basis of Inheritance 


ing Of Chxomos ‘ 
» but sequen 9 ome § 
“gets GED «5 9 F2 ERP ) 


‘ & completed In 2006" ! 
no-i wa omp wat at will need 3,300 books of 


n oun single cellis so huge + 
e data of oux one cell- 
5 34 s-Total project cost is: ~ 9 billion §- 
etitute of Health (NIH), ), WellcomeT THUSt (UK), 
exmany ,Fxance cameto fund Hap- 

Results of HGP 


* The genetic data i 

\,000 pages each to stow 
* Hene, sequencing one base cost 
“of Enesiqy, Natfonal In 


8 contiid liens ¢xom Japan » crinay G 


Goals of HGP 


eA; Human genome contains 3.1647 billion 


= l sti des 
identify the ‘sequence 0 of nuc eo i bases not 3.3 billion. 


3.3X109 base pairs) and ‘mapping @ all on | refs ESOT: 9 
the genes in human genome. Bate |ieha x 
2. Total number of genes in human genome 
are around 30,000. 
Average size of gene is around 3,000 bases 
“(largest gene i.e, dystrophin contains 2.4 
million bases) 


2. Identifying all the estimated genes in ~ 
human genome (20,000-25, 000) 


3. Store this information i in form of computer | re 3. Chromosome no. 1 has most genes (2968) 

e _ databases for better analysis ‘andretrieval |. and Y-chromosome has least (231). 

as and when needed (it forms the basis of a clk aks 8 ¢2% genome code for proteins 
mew branch of biology named BIO- mais = 99. 9% DNA sequences are identical in all 

AAT ej eree poe : _ humans; its that 0.1% sequences that 
tf makes us different 
Function of 50% discovered genes are 
unknown - 


4, Thanatar the related Ttehnnlenleres end data 4. Repetitive DNA (junk DNA) miakes a major 
to various sectors like pharma, agriculture part of our DNA; they have no direct coding 
for better use. _function but they help in maintenance of 
, chromosome structures, maintaining 
dynamics (by having mutations) and help in 
evolution 


ocations are presentin |, 
base DNA difference 

led Snips- single. ot 
2Polymorphism), 


AREG RENEE age CR EIAY only the DNA. pastt that can expness : 
“Neel % make RNA des exan) ane sevieniad vena’ q 


= : 4 
a a oo a ee alata telat lethal alekalokal Takata! — oe ee 
, - 
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tense cos ten ees es 
Se eee ee ee cae 
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on a 


a uenced %® all ge 
ip sean’ ees a tag of its position x functions: 


ate total DNA f% 
eolate total P fAoma cell = convestt this PNA Tato xandom fragments by 
Restriction endonuclease enzymes 
ents ane Sc 9 ¢0 0 
ruagem *: Clone them In a suitable nost Ike Yeast axtificial 
rnautom ated sequenceHS <= ChiomosomeCyAac) on Bacterial anti¢icial chromosome 


cusing sangen'S methed) (@Ac) fox amplification 
sey axe axHanged based on alignment of Sequences naced on COMeHe 
oventapPing Hegions present in them ten bi 0g meet generate ’ complete 
| Stuand- 
a A Lf such single DNA base pair occux 
Scat Lar” ¢n 76|* population, it 1s SNP 


Cnot a disease) 


ag” 
’ such changes ame called mutations — 


i¢ they nxeside In O-|4 population 
(may cause disease) 


es DNA FINGERPRINTING/ DNA PROFILING == 


"Developed by Alec Jesfrey C1985) 


° Used in cxime investigation, paternity confinmation € othes fouensic applic- 


-ations- 
? 99-4'/- DNA of all humans is same 2X 0: uk dfppenences 


° DNA finger printing (uses, highly j nepetitty due oN segment®c satellite DNA)- 


* These nepetitive. sequences ane + © Gitiky 
@ Snow 


@ cinnenttacterc passed +o next iasetlory 


* When oun complete PNA is centuifuged » the. PNA: makes."one laviges reatot 
K of xepetitive DNA 


makes us all diggenent. 


bulk DNA and a smallex pea 


Mol : 
€Cular Basis of Inheritance 


ee ee ee ee ee ee ee 


*S these no-of nepeats axe vanlable In diffexent 


Minisatell?te 


GaTeIC “Mfenosatellite . 


Nye REPEL VE) satellite pNa which can be on c 
hont Tendem Repeats —Varilable no 0f Tend emRebeats 


e jo-60 bases long 


ea-6 bases long 


© 5-20 nepeats ° |o-(000 cae 


© Size lo nano base - ® Size ol-AoKb 


0-1 kilobase CKb) Human-A: I2 Hepeats 
Human- 8: #9 xepeats 


humans 3. makes basis of DNA fingenpxinting 


@ Ieok lation o: oft PNA’ Fxom any cell @ ampiisicatfon make many Copies 
on blood eiin: semen Stains on >. of +nis DNA by Polymexase chain 
neactfon(CPcR) 


@ Sepaniatior NoF DNA fragments e @p Digesttonios DNA by xestHictfon 
"be gel‘e lectnophonesis’ enzymes - 


v 
@ Use alkalt/N aol to convent dspna » @ 5 
into s single stuanded ‘DNA. 
STE sinanded ens | ; Siagrients o on n QRS ARSAOEAD 


halx xoots 


Criitmo cellulose % nylon 8 then kept 
tn Q vacuum oven at Sorc fox 3-5hxs 
to fixthe DNA on membHane 


| ¥ 
vlemb Hani nie 15 wak ‘edinn SEB = @ Place the albeidicalluloea “s membsane 
inl sbaindl SiSEeD Ina Solute storm enter 
: Solutton containing stadiolabelled’ 


a 
Ccalled'Pstobe)’ that binds with 
@ Hybuadised DNA Ts photoguaphed ‘ einige Sequences on the DNA 


on He) au 
akeay stir yautonadlogiabnisy delet il on nie uate to forum a 


The image obtained Cas light and 
das band is called PNA fin Ingen pints 
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MICROCES IN 


» MicHobes axe vexy Small! Si. 


fo} 
 oxganisms -. they axe called micno-oxg- 
° ° ° 
-aniems which foums major pant of biological system. 


e MicnHobes ave present in all Kingdoms of l'fe iike-all +ne mMembe*s of 


Kingdom monena 8 Pmotista axe unicellulase ¢ Some unicellulax fung! 
quike yeast) ane micxo scopic 8 some stages in the life cycle of vatious 
plants animals can be micHos copic. 

ids and Bien ane also micHtosuppi c - 


° MicHobes {iKe Bactestia and fi ungl Que cosmopolita n: 


* BacteXtla and many fungi can be | ahaa ‘in nutuitive / cultuxe media to fom 


Colonies. which can be (Seen. by “naked eyes: 
8-10 houxHs @ 


Single bactenia aah . Colony CIPx{0® bacteria) 
cinvisible) Ee -» Celeaxtly visible) 


o@icsobes) benove as our GeA@) and Gae Cenemy)- Micxobes couse, several 


diseases fn ouganisms l?ke Adenovinus cause Hespinatony sy nduome tn 


animals. But many micuobes ane beneficial too, let's 
mms M|CROBES IN HOUSEHOLD PRODUCTS =m 


and | other @actic Acid @actenia (@AB) : converts milk | : 
dded to milK as stantere on Gnoculacn 
ndex optimum 

digest milk prot eins: 


Head about pepitns 


@ Lact obacillus 


nto cund Some cund fs initially a 


"This stantes contains millions of LAS which divides u 
Conditions that secnete acids to coagulate. 26 Ueno 


. Lab (fncsiedbe (Vitamin! Big) In cuxd and It checks disease causing 


Micxobes in ou stomach: 
BaCIWS: these bactextiums prepare dough gon tlt 


| -CUCO NoSstoc Lactc 


and dosa via fermentatio n:.. Its buffed appeasance 


1s due to ©B3 C-. Ethanolic fermentation) 
cevtevisiae) : make dough for buead. 


Sacchavome ces 
Shaumanii Cbactenium): make swiss cheese which 
has soot holes due to production of Coz» 

“(Cheese is one of the @lAESE foo dl iter fn wuich micstobes ane used. 
© Piffexent varieties of cheese have chattactextistic flavoux, taste 
and textume which comes due to different icne bea used like: 


® Roqui fout cheese is made by Penicillium Gtequlfostir 


—®& Comembext cheese is made by Penicillium omembentii 


° Toray: tuadftional duink of soutn India ts made by 

* Fishes, Soyabean 8 bamboo etc. aXe also ee to make food liKe 
tofu, Sufu 6 tempeh. — - ms : 

° Micstobes axe also used: to make many industufal pxtoducts I'Ke: beve- 


7 Hages and antibiotics that ‘involves guowing microbes ty) large vessels 


calleAG@@aMenGAD (nas volume upto doo 300 | O Iftwes) - 


es !ICROBES IN INDUSTRIAL PRODUCTS mmmmmmmmmmsmss 


_ ERTRYAED Csacchanomyces aoa ht Heed to recent malted 


“ceneals and fuult juices to make alcohol: | 
* Beverages made without slaellatlan i os 


a eee nage ve aed + alcool concentenatfon te gh 


* * Belenages i made a wity (te ‘die tila at to rat 


———— a ee ot oso ee 
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s Penicillium notatunp ( makes =, 
Antt- Biotics): ‘Aytt A 
5): “Ant means ‘against’ and 


‘bio = life’ as these chemicals Kill hanmful bactesia 
ane life- supporting for. us. 


¢ PenicillM CftHst antibiotic 


3 but they 


) was discovered by Alexandex. flemming- 


Clean xone 
A> Staphylococcus 
Wa (s not gxXowing 


eee a%ound Penicillium 


He saw that Staphylococcus bactexla 
can't gHow axound mould (Fungi) on 
unWashed petHidish 


tia) of Penicillin was eshtablished by 
Oo STIRS o 4 

‘chainns Floneg & Tt was used te treat amexican 

Soldiens in Wosild-wan-U- 


° Flemming , chain & Flotey weve given 


B antibiotics has gxeatly improved ou capacity to tueat deadly diseases 
I'ke plaque , whooping <Cougn) CK ali’Khanst’) » aipinenta Cgal=gnoti) »(lepsiesip 
CRisnt=09) etc: 

e-9-, GEHepramycin: made by Stxeptomyces griseus 
QEGMIEIN: made by Streptomyces fuadie 
eiiipase (lipid bHea King enay- 


Citric Acid |. Aspergillus niger (Fungi) "mes)* used In, deter dete 


| Re a 
. ° 


aa 


Acetic Acid 
1 — OT ETE Ee Le SLE OND o Wmmanes Baar MaRS Sd og RS aces Ft = a * 
“Clostridium butylicum (Bacteria) «|. 
ea AEM ER ES IT ce 2 a.c eyiinanceegy aap ae 5 


Butyric Acid | 
See ens | oie 


e eo 
seMones oil stains. 


™ Pectinase « Protecse: 


break pectin protein | 


Acetobactor aceti (Bacteria) 


Lactic Acid 


> 


SHHEPCOEEIB: make Gbiepteniiasy which 's a GlaBIRUEEN 5 Tt removes 


s of patients who have undexgone myacardial 


Lactic Acid (Bacterla) “. used to clea bottled juice. 


Clots fom blood vessel 
infanction leading +o neart attack: 


p “ao 
ese ene eee eee ad 


- Microbes in Human Welfare 


(Fungi): Makes bio-active molecule called Cycios. 


“Postin-4 that acts as ‘Immunosuppressive agent during ongan tuansplant. 


They SuppHess immune System of patient “new oxgan 1S not Hejected. 


Scus 


US) Cyeast): It makes statin wuich 15 used as blood chol- 


~ esterxol lowexing agent 3 it acts by competitively innibiting enzyme wesbon- 


-sfble fox Synthesis of cholesterol. 


mes || ROBES IN SEWAGE TREATMEN 7 sameness 


* Sewage Cmunici pal waste) contains lauge amount of oxganic matex 


2% disease Causing micHobes - 


3 tt Cannot be discharged dinectly in wate bodies like sivens- 


“+ Sewage is tueated before getting Heleased in Hive ‘in Sewage THeat- 


-ment PlantSTP)p 


This t+neatment is done ‘in 2-stages: Pai 


2condanry / biological 
liye “ 7" ¥ J 


Filtest 


Watest fou furthen treatment : 
lled }° Pe heriesinsssvistensunndivicactess seeeeee > 

f i we Jeol Sent to aexation 

PPT sedimented grit Tank 


mates S" pevbles) 
ob 4 55 Sk 

| Called I°Sludge 

Flocs digested 

by anaexobes 


~ Due to constant aexatfon Coat) 
and agitation (Sha king); Flocsi-e, 
mesh like mass of fungus 2 
bacteria gsow 


These flocs consumes oxganic 


called acti- Matter of effuent ¢ 
vated sludge : “effiuect es Water, becomes clean 
Flocs setle In Settling Tank 


ath - eo Med Easy Boton} 


: locs Settle | . 
copey When f 1 Settling t+ - 
noTé ws 9 Tan - Tt foums activated sludae- 
t e amount apa reangeree BIS 
on 8 Sent to anaerobic sludge “it 6 
(RET where anaes... _ Can be sent back, 
diges' 0 aeHobic bacteria Cats flocs to aenation tank to 
dueto favourable conditions be used as [noculum 


Gases like CH4, H2S and coz ane foumed 


ont FlocS ate dige ° 5 
goreswnen gested, the anaenotic bactentiums ane exposed 
is oxygen S tmey deactivate. 


(BoD): ‘is the amount of oxygen consumed 
o ° ° o 
by pactenla to Ox{diSe the ONJanic matter present in one litte waterx- 


zig onganic matter ismone 3 water is dinty % Boptt 


» Mintstny of Envikonment € Forests has initiated ‘Ganga Action Plan’ 
(1995) and ‘Yamuna Action Plan’ to build mone STPs and ‘save these sivexs 
from pollution - 7 | 
ns M|CROBES IN BIOGAS PRODUCTION summmmmmmmn 
» Blogas\is a mixtuste of gases ‘Cmainly cHa)) puoduced by methanogens- 
1aW to produce 


ee Ln ne | YY, 5) Cal arn celluic TY. NATeCWIA 
e These meina 1S 2 Hop) Qty on. cellulosic ma 


*We have also Seen Such methanogens ‘in anaerobic sludge digestor. €-9-> 


‘Meth ano bact entu m> 


* These methanogens axe also found in Gap of xuminants 3 cattle dung 
also nave these bactexia which elps tn foxmation of gobax| biogas: 


* It consist of a 0-15 feet. deep ‘concnete tank in wnich gobaX slundy 
% bfowastes (like vegetable wastes) te loaded. a 
ced oven SluxHy which Keeps on xl8Ing with 


ating covert’ is pla 


Micnoke 
oerobes in Human Welfare 


EL SEG REINCIRERESE oe 


outlet pipe-4 * fox Supply 
of biogas 5 used fox Cook- 
-fng 28 lighting: 


FI oating covex 


“Outlet bipe-2 * to XemMo- 
eve spent slumy 
Concnete Tank 


Can beused as fertiliser 


° hadi Village 
NOTE: Indian Aguicultuxal Reseach Institute CIART) and Kha " 
& Industutal Commission Ckvic) develobed technology of Blogas in India- 
(Eee 
oes MICROBES AS BIOCONTROL AGENTS 
°We Know that Pesticides »8 insecticides causes pollution © they 
Kil) non-target Chaxmless) insects alongwith taxget insects which 


affects ecosystem: 


- 
J 


x A= e~ Ine Lip 
rUHMCHS Nneaitt 


) 9 1 Aen. pe 
° Organic faumens also beleive that 'BlodiveHsity 
°o ° ° o ° 
move the oxganisms in an ecosystem, moxXe Sustainable it ts- 
*- Lts bettex to use blocontxol t-e-, biological methods to contstol naxm ful 


pest - 


Biocontrol Agent Features 


Lady bird beetle an To get rid of Aphids 
Dragon fly To get rid of Mosquitoes 


Bacillus thuringiensis (Bt) To control Butterfly caterpillar. Bt is available as dry 
spores in sachets which needs to be mixed with water and 
sprayed on vulnerable plants like brassicas, fruit trees 
where it is eaten by insect larva (Bt releases some toxins 
in the gut of larva and larvae get killed). 


Scietists have also introduced 
bt toxin genes in plants like 
Bt cotton, corn etc. are made 


Trichoderma species (Fungus) They are seen in root ecosystems and control several 
plant pathogens; they are present FREELY in roo 


ecosystems 


Baculovirus (especially Genus 


It attacks insects and arthropods. 
Nucleopolyhedrovirus) 


It is used for narrow spectrum (species specific) 
insecticidal applications.» << 9 = > 
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: sntequated pest management CipMyR 


S cultural methods to Contnol bests in 


in ecologically sensitive avea 
¢ 


It involves bfological, chemical 
agnicultunal land - 


> Its cmucialto Kil the haumful pest only; 
and exe, Nantow Sbectuum biocontrol methods comes Into play- 


mms MICROBES AS BIOFERTILISE RS emmmmmmmmmmmeneenncnnmnnssnen 


» Biofentl l'SseHS axe oxganisms that ennich nutaient quality of the 


soil €-9-9 “CU anobactexnia CSGA) 
ee TT 
Rhizobium Bacteria Associate with roots of leguminous plants 
like pea, bean, pulses to fix nitrogen 
Azospirillum, Azotobactor Free living bacterium in soil that fix 
nitrogen 
_ Fungi (like Glomus) associate with root of 
higher plants 


Cyanobacteria (Blue Green Algae) Autotrophic nitrogen fixers; usually free 
living like Anabaena, Nostoc, Oscillatoria 


Biofertilizer 


Azolla increases soil fertility and serve as 
biofertilizers in Paddy fields. 


bed 
= <= oe 
cas 8 OO em me om om mm oe oe me oe ss eet mm om en oe me mi wn OOO OS EO ON OU OS OS 
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ORGANISMS ANE 
as i la 


Father of Ecology Von Humboldt 


Ecology: Eco means ‘Home’ and 
‘logy’ means ‘study! % ecology is tne 
Study of oux own Surrounding. 


It includes study of intesaction 
cata Biotic Cliving cipal 


c Ecology te IS concesned with 4 ~levels of leofe onganisation onganisms 
Populations , communities 3¢ biomes. 
. Biology Stants wiih 


th’ the study of macHomolecules ont biomolecules: 
whexe we Head about physiology and adap 


- tation of an onganism %& hence it ts called  (Bhysolegical ecology: 


4 
+ Population: souganisms of same sbecies ty an aXea that can intenbueed 
Togethen- a | 
(Community 


) : : 
nity + all living SPECIES IN an auea makes a community Callbiotic 


“Ecwsystem? Functional unit of Ecology where both biotic and abiotic 
factons Intexacts with each other. 


4 
o Biome: Q laxge neglon having its own climate Cg. Fastest , desert ete: 


A biome may nave many Small habitats | in it like q fonest can have 


Hiven Quea, dense +Hee OHea » Yenb attea etc. due to local vaniations 


4 


Ce “Bia hexHe's SUM total of all Small denn on ‘Gait makes blospnene 
Se Ss canth mee 


Br Nee Ee Rae ae TE POE 


|S a 


wore? puairatibts i OMQanISms not only Wélb IHer~Tn -ausefual“ but ales 
a them in cxeating mosie PHogenies CHeproductPon?) + 

ORGANISMS AND THEIR ENVIRONMEN 7 senses 
. me potation of Eanth SOM Sun: ond an Ye cue aide and tilt 
of equin's axis cause vastiations in tembenatutes and Seasons: 
, variations in tembextature and Pxecipitation Cincludes ain & Snow) 
ads t° foumation of diffexent blomes. 


Temp-T 3 Hxainfall| 


Desert . 


Grassland 


Topical Hain 
Tropical forest fo yest 
Temperate forest “. Haintt 


cone like stuuctuxe 
Coniferous forest 
aprwon 


c> Temp: below zex0 C:.snow) 
=” — Arctic and Alpine tundra. 


Mean annual témperature (C) 


50 100 150 200 250 300 350 400 450 
Mean annual precipitation (cm) 


: (QTA: quassiand comes fixst in graph % Men Tropical foxest 

ritteccail also exist fn extxeme/ haXsSh conditions like tacicity 3TTemp-3 
tPHessune 5 In oun gut] Intestine Ccalled gut micHobtota)- , 
‘Habitat of an onganism is characterised by physico- che nace Cablotic) 
factors and biotic factons like pathogens, predators, panasites etc- 

Aly A blace anese an oxganism(live and mange of cond ns it can: 


igny 


clewate? 


ee ay VU ay en eT oe Oe ee eae RAL By 


All nave a distinct uncttonal’ mole in nat ana: 
“An oNganism live, eat work in its confortable 


envintionment called niche. 


Organisme - 41 » 


AION ABIOTIC FACTORS semen 


ases from equator to poles and from 


Temperature 


* Temperature gradually decre 
(most important) 


d/ plain to mountain top ; ; 
° qalerepa sical have negative temperature (sub-zero) and tropical 
deserts may have »50°C temperature . 
NOTE: Tharielsprthge and hydrothermal vents may have »100°C 
temperature 


inetics directly and thus it affects 
* Temperature affects enzyme kinetics directly 
dasteWeliste and physiology of organisms (high temperature denatures 
enzymes and low temperature inactivates them). 


* Based on the range of temperature tolerance, organisms are of 2-types 
namely: 
~ OQ Eurythermal: can tolerate wide range like warm blooded mammals and 
birds 
U Stenothermal: can only tolerate narrow range like cold blooded 
animals 


_ Water (2"4 most 


Life originated in water and thus we search water on Mars and Moon to 
_ important) 


check whether life can occur there or not 
Productivity and distribution of plants depends on water (water is 
needed for growth) 


* For aquatic organisms, the quality of water (chemical composition and 
_ pH) is a concern. — 


Salinity (measured in parts per thousand or PPT) is:. - 
-O-<5 in inland-water.(ie,, ‘5. molecules of salt.per thousand water 
molecules)’ canny a eel 


Q) 30-35 in sea of APOE ENTS ee rd 
"OQ 100 in hypersaline lagoons 


> Desert organisms have adaptations for survival 
Cl In desert plants: : 


“* Cuticle is thick b | 
“* Stomata are deep pitted or sunken 


** Plants opt CAM pathway where stomata open and night and remain 
closed at day time to conserve water. 


* In plants like Opuntia, leaves are reduced to spines and photosynthesis 
is done by modified stem 


-Q In Kangaroo Rat (desert animal): 
* Internal fat oxidation is d 


< 


oxidati, one that produces water as a biproduct 
* Urine is highly concentrat 


ed and thus majority of water is reabsorbed 


* Euryhaline: Salmon fish, common molly 
* Stenohaline: Gold fish, haddock etc, 


_ | NOTE: Fresh water organisms cannot live: for long in sea water (as water _ 
___ | moves from its high concentration to lower concentration; thus organism. 
reat Wi tose water) dur to osmotic problems and vice-versa, ee Sey 


pia Teaoragy atae ve 
ER OR ot oH 
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* Sunis main source 
by plants. 


f 
of light on Earth which is used for photosynthesis 


* Small herbs and 
lower light seater ie in a forest are adapted to photosynthesise in 
* Deep in ocean (500m as they are overshadowed by tall trees. 

m deep), there is no light; hence dark. 


> Affect of light on reproduction of organisms: 


O In man . ; 
y Plants: Photo-period i.e., duration of light decides whether 


plant will fl 
organ) ower or not (and we know that flower is the reproductive 


O In ani di 
nimals: diurnal and seasonal variations like light intensity, 


photoperiod etc. helps them in thei P ° ‘ 
and mipratory pai ea in their foraging (eating), reproductive 


“> Quality of light is also important for life: like visible light of 


ones cA 400-700nm is useful for photosynthesis but UV radiations 


NOTE: Light with higher “frequency” can penetrate more deeper in water. 


~ Soil (edaphic 


¢ Due to difference in weathering process (rock converts into soil), 
factor) 


climate, sedimentation, different types of soils are created which has 
different grain size, composition, aggregation (sticking with each 
other) capacity and water holding capacity. 


* This difference in soil due to their varied pH, minerals, topography 
(study of our natural and artificial surrounding), determines the 
vegetation in an area and this vegetation (plants) in fact determines ~ 

- what kind of animals will invade an area. : 


B ere NOTE: In aquatic ecosystems, the soil at base (sediment) will determine 
Hon Saaryht dares a the nature of plants and benthic (at base) animals in an ecosystem. iit 


ee Res pons € to Abiotic Factors a 
* Onganisms: mapntain a constant internal envionment chemesstasis) 


despite of vanying exteunal envixtonmental conditions: 


ae thei internal conditions will change acco 
-xding to tneiX external conditions 


I \y ney maintain homeostasis constant 
H. eo 
intennal condition 


Pastial meguler er ae dele aij segulating +ne conditions 


et 


but wegulate with time 


Intesxnal level— 


clinic lg 
* Regulatous can bexfoxm homeostasis |e? pee ers? aa eR 
ston ( maintaining constant body tempenature) and osmonegulation C mainta). 
“ning constant osmotic concentnation) ; 
* @g- done by Wasim blooded vextebuates like mammals & bix#ds and by 
very few lowe vertebuates and inventtebrates- 


In xegulators , homeostasis can be done by Slological and 


‘behavioxal means: 4 


4 Humans mcintin GBD vod tem Pentatuse 
€-4-) In desext lizard 


Pe oe 
Pr ‘Ins summexsS In winteus 
4 e 
“Temp? move te shade ewe éiwéat 8 its we 
qempe: backi evabounation causes = “- heat Puoduce 
move {ox Sun ask ng cooling 


c : ° Pilo-exection i-e., 
¢ Some animals can buxtow In 


: . goosebumps occux 
Soll Chide) to escape. quound heat-. -- heat loss 1 


@ Thexmoxegulation ; mequires hi ignie endigy.t “input -. small animals like 


Shuews on humming binds (having high suxface axea to volume Hatio) 


lose body heat very fast »§ enesrigy produced by them is vexy less 

2. Vexy Small sized. animals ane staxe in. polaxt Meglons 

SE Conform Ln can 
° aah ef animals) and fieasily ail 


and osmoxegulation ne 


Pay 


Hy 


* cannot do thexmostegulation 


thei intesnal conditions changes with extex- 
- nal envitonmental Conditions. : 


eo 


* Some animals \ike binds mignate Cmove) 


y ftom stressful 
condition to a, moxe hospitable area and ees cae 
Place when ae pextod is over. 


to thei native 
¢ Puxiing wintents » « Sibert 
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& 
i 


© Orannien. Sn a et 


geotade National Fats Sharctpus 


Keo" ‘ 
pit ie one of the longest annual nae 
Mation 
mick walled SPoHtes” ane Suspend EE 
e 6 s 
sa tonne ig ie ba in bactenia, fungi and lowen plants: 
‘ yy * plants which nas low watex content 8 


sea rl C metabolism). 
pin animals => eich Sleep C Aestivation) > Shown by some snails 8 fishes 
| Wintex Sleep CHibexnation): Shown by beans 
pqs RES i 
Dts —————————————= 
e These axe mosxphological , Physiological OX benaviouxal changes that helps 


o e Fa 
an oXganism in better suxvival and nebuoduction- 


¢ Many adaptations ‘oceunning Ov u 
ES | i 
ically Fized and they become pexmanent fn all upcoming individuals: 


ee “Mammals in colder clim : 
ee | and limbs) to reduce heat LLE| 
Aquatic mammals like seal | ° Thick layer of fat called BLUBBER is present below 


~ works as an insulator ie., it reduces loss of body heat 


‘Thermophilic archaebacteria |- ¢ 


Antarctic fishes _ 


‘ophilic (pressure loving)” 
invertebrates and fishes _ 


- Polar mammals ae 


temperature »100° 
esistant proteins (bioche 


. We need to spend 1-2 days at region of high altitude to 
acclimatise during which our body prepares to 
compensates low oxygen availability by increasing RBCs RES 
and breathing rate so that binding of C02 will decrease and | 
02 will increase with haemoglobin and increased heart, 
pumping can circulate that oxygen well in our body. 3 


Humans when they visit high 
altitude face altitude 
sickness that includes heart 
palpitations, nausea, fatigue 
which is all due to low 
oxygen or atm. pressure at 
- high altitude 


a : — 
pa as Se es ees eae ee IE ee 


——————————— aa 
ald POPULATION SS 


° Populations includes all membens of 4 species that axe fenne Pn a particular 
avea € can interbueed togethex to produce fevtele csr Ta 

° These membens of a population competes for similat Hesounces ( food ) 

* Population can be as Gmalljas 40 e-4-s conmonants on binds nean wetland 
ya cani'be a Billions e-g-y Humans on eaxtn: 


* Population ecology tbuanch of ecology tnat links ecology to population genetics 


8 evolution: 
Population Attributes =e 


@ Binth Mates it xefexs to' Pex capita’ binths ox biaths ‘pes Individual’ 
eg-3 let's say a pond has dolotus & 4 mone lotus added ina yeax, then, 


Binth nate = + | = 0°4 pen lotus pen year 


Peath RALE® it wefens to ‘pericapita’ deaths oH deaths’ pext individual’ 


attos) Ratio of females * males ina bopulation- 


Ageipyxamid?) It is the stxuctuxe obtained when tne age distsibution 


Post- HepHoductive 


RepHoductive 


Pre- Heproductive. Thlessin no-s 


supe population Stable Population Declining <» xepxtoductfon 


° Pxe-sepsoductive no-is : Pare eb pec ceulanonc ta Tubune® 
big 6 they will xeproducetn. . Pxe-Meproductive beoble wlll take 
neon future ~ Place of cunnently sepstoducing 


ones «No change 


‘pew unit axea on Volume | : 


29:2 Population density of siberian cuanes tn bhanatbun wetland 9s <l0 
but ‘meme canbe nillions of chlamydomonas'tn a bondi no: e - 


OTES' In Some cases, 


oH PO 
F an aueas 
etimes » deteamining actual] absolute population density 1S Aiggicult 


pulation density oo [° COVEN O97 biomass is measuned 09°) 


, 50m 
: elative bopulation densities ane counted. 
Let's Say we need to count 9ough no- of © 


e-g:2t* 
nes in 


loo}: Pond fishes ina bond 3 hexe can count fis 
Small anea 6 use this no- fo total ane an 
oo fishes then 


alys- 


-i5 (?ke- Tf lot: of pond has 50 
Complete pond will noughly nas Soop0 fishes: 
e tigen census on counting sad 


2.9.22 In national Paxks 36 Tigen Hesenves, th 
pellets of tigen? 


actually dene by counting different pug mauks & fecal 


hey come neat wate body to dxink watest:- 


Population Cowh 


, Population flourish t * foodTs feax of puedatons 4 and good weathes T - 


fluctuates population density + 
coming @neide a habitat 


9 = 


when T 


8 ans in a population dusting a 
Bruins in a population dusinga | © Deaths tn Pe P : "9 
—s given time 


given time ie : Vy 
= from an habitat a : 


lation density < 


fons? Binns g deans majonly affects popu 
: “Indi ses i nised habita “main Heason fox population growth 
ina new habitat» the ylartn>s death waten ane, 190 eee ae 


e 7 e o 
is Immigration as — 


Qanisme and Daniulatianc - , a 


14! and Net4 1s final Population density 


r 61> OTE population wil 
J wre? B*D) population wi] 


Growth Models 


"If Ny fs populatfon density at time 


° If population stae “n's'Ie platth nate and'd'= death nate 5 theh the ate of bobulad. 


rt : be: dN = (b-d) N 
= unit time will be: 22 = 
on change pen ai 
let 9 b-d =H 


H= inixinsicxate of natural incuease -. 1f'T ,men Hepxoduction > 


°o 
also considered: 


aa aes 


~ 


Peak gos LAIR Se tak LENE 
(+ When res 


sere 
‘only 
ally/ 

, 


Sig 


} t eae 
3 ae 
é i 

a. 


Time-» 


N, = Noert 


Here, Nt= Population density at time “t” 
No Population density at time “ot 
r= intrinsic rate of natural increase 
e= base of natural log Le., 2.718 


Time-» 


In nature, a given habitat has the 
_Fesources to support only a fixed number 
of organisms ie. when population grows to 
this number, it can't increase further. 
This maximum number of organisms a 
habitat can accommodate is called 
ot coreg celica ana ectee Carrying Capacity (K). 
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Logistic Growth 


r Value=0.0 
s Logistic growth curve is more logical/ 
realistic as resources for most ecosystems 
are limited or finite; this curve is called 
Verhulst Pearl Logistic Growth Curve. 


ty Value=0.42 


Human population (1981) 'r’ value=0.02 
=0.0205 


+ This curve is called “J-sp, 
aped” 
curve * This curve is sigmoid (S-shaped) where the 
phases are Lag—> Acceleration (fast 
growth) > Deceleration (growth slows 
down) > Asymptote (reach carrying 


capacity) 


TT 
LIFE HISTORY VARIAT| 0 NewcsresnerexmcnesesecE 


e Evexy oxaqanism 
Yy g ni adapt to xeproduce mazimally soni value + 


ee CV te) anism 
eveHy oH4 use thein best possible stnategy to achieve ‘paxwin ‘fitness’ 
ox ‘HepHoductive fitness’. 


eEvexy onganism have diffexent strategies to achieve mis pitas 


@g-1 Some Oxganisms only breed once In theix lifetime -cbam 
some bueed many times- most bistds 2&8 mammals 

some produce lasige no- of small sized of fspnings - oysteus 
and Some pxuoduce small no: of laxige sized off spHings- moSt binds ¥ mamma|s 


ee a INTERACTIONS 
* No oxganism on €axth can live alone even the autotHophic rl depends upon 


decompose bactenla ¥ Na- fixing bactexium- 
s in natuxe 


| ° 2 Intenspecific intenactions exist 

| 4 species Intenact with each othex- 

*In tne table given »'+' means benefit’ - 
means ‘haxm', and *o' means ‘neutHal’ 

° In predation, panasitism 4 commensalism 


Interacting species live quit 


> me 


e closely: 


Predation DT 
also considexed predatone of plants. 


Nexbivone® ane 


- Organisms and Populations 


* About 257: fnsects ane phytophagous C plant feedeHs on plant predators). 


° Predatons arte CPRUDENT ney don't eat all prey oxganisms So that they 
Can Heproduce and gnowin numbers ¢. Predators tink of future. 


15 Tntuoduce in a new anea, its adie cuazily due to absence of PHeda tow. 


e-4- PRIERIY PEGI EEEUE) sprieaded in Austualia in early 19205 


z- cactus ee moMs wexe Intyoduced to cont%ol the havoc: 


° Q s 
E-g-» (N an experiment, 
amexican pacific coast, itis observed that >10 invettebsate Species ane 


eztinct due to Interspecific competition. 


Highly distdstotul' fee its pied dipralator it a acquires a special 
chemical during its caterpillar stage by feeding on a poisonous 
Bile 


pale highly poisonous 3 cardiac eget de that pee and cattles 
avoid to eat 


(NoTE:) Nicotine » Caffeine, quinine 


» strychnine and opium ane made by plants 


fou theix defence agalnet guaxevs+ But we have Commencialised these chemicals: 


a (61) p titi or mmunnsmssnsssssssnsnnsssnessss 


* It 1s seen that out of 2- competing species, One Specles!' has» ntgirent ‘x! value 
and the GiibivePedesPnas (oii naValueD 


# Both competing species +Hy to evolve better to inciease thein ‘n+ value 


hose Intenspecific competition is potent fosice ‘in organic evolution. 


Pe Seca a a ton el ns a gk wes cs gc 


Bia ae ae he tet e Sai a MratcaRE siee SNS eR adits aan wr, oa. le Ee 
Semis anne necun pee SOUL ees ony i -——oe 
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it {fs assumed that competit} 
Mpetition occus, between closel 


aqatted wesourices - Y Nelated species for 


unnelated Species can also 


ith @ © com ete S 0-q- 
» the feeding pete fon Same Hesounces &-9-» 


efficiency of one Species is decweased tn Flamingo Cbind) 8 fishes) in south 
puesence of other species despite of amexican lakes 


unlimited xesouxces. zoaplanktons. 


e-g-5 In Galapagos Island , feeding efficiency of Abingdon Loutoise 16 deceased 
‘in presence of goats. 


comperes yon 


v ay £ YPege Tt ra ag a 
~Vi eluate = Ut 7 Aes oy- : 
mw Evidence oF Competition: 


° Competitive yelease C Hemoving Competition): It eaplains that when a 
| competitively Supexion species 15 present near infexfon species the infex!- 
- ox species donot expand to widex aneas but when Supetion species is 
Hemoved ezpestimentally , then the infexion species Incxease its distHibutional | 
wange- | 
Tt is proved by Conell who did field exbeximents on sxocky sea coasts of 
Scotland: Hexe» basinacle balanus (superiost) dominates intertidal area , which 
excludes baxnacle cathamalus cingexiox) fxom that Zone. 


POT GIONEPAINCIpIOD Lt States that two ‘closely Helated’ 


species competing fon the same Hesounces ’ cannot exist indefinitely »8 
competitively ingextou species may be eliminated eventually- 
QTE this may be thue if Hesounces ane limited (but not genexally tHue): 


° 
al The competing species evolves varitous mechanisms 


to exist togetne xathex than making InfeHion species extinct: 
ompeting fon Same Hesouxnces» they can avoid compet- 


€-g5,I1f AS ecles axe C 
ga If & Sp 
+ times for feeding on different foraging patterns: 


“itfon by choosing diffenen 


. ° 
closely nelated Species of wanblerxs live on 


© Mac Authus Showed that 5- P 
feed on different parts <> they 


Same tuee & to avold competition they 


co-ezist- 


——- 
ee ned 
wee 
=o 
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© Organisms and Populations 


Plant pants to be 
Consumed 


Waublex § Warblex Warbles 
Species- + species- 5 


Warblex Warmblex : 
Species-4 Species-2 Species-3 


Parasitism 


“es> 2 Hexe both a | 
Evolve mechanisms to countexact host's stuateay. 


°o,9 
Evolve mechanisms not to get Panasitised- 


Loss of sense organs | They flow with host's 


_. “blood flow % suxvival of host 


Adhesive organs like To cling/ attach with e They make hos 
suckers present hosts tissue s 


> cad Sit PE ~» 


Loss of Digestive | They intake pre- . 
System | digested food from. |. 

fie blood of host 
Reproduction rate is To infect host to 
high much extent 


~ 


‘They infect various parts of hosts body like 
«liver, kidney, lungs, RBC etc. and since they 
_ need to live inside host, they adapt well and 
esos B® show complexity in their life cycle 
They have simple morphology and anatomy 
so that they can divide faster (as organisms 
_with complex body reproduce slowly) 
man liver fluke has 2 intermediate 
hosts (a snailandafish) 
| Parasite (Plasmodium) needs 


Cuscuta (lacks chlorophyll and leaves) 
derives nutrition from hedge plants (host) 


Scie ; E . fhAael Daew Rat 


° ° ° ° 
ott _ mosquito 1S not considened a parnasite as it needs oun blood for Its 
0 : e 
i yoductions not as food: 
oper aasnernnnennnnnsvnssennvnnensssonsansetvasonusettnstenentsnneevereansessssnsnsneanenessene tees 


_ BROOD PARASITISM IN BIRDS 


yere parasitic bird lay eggs is nest of host bird and host bird incubate (takes care) of 
apa the course of evolution, eggs of parasite birds have evolved to resemble the host 
: purine size, colour and pattern (called egg mimicry) so that they won't be ejected by host. 


: ge yckoo (parasite) and crow (host) relationship. 


. 
seasacunncncasuwenserert© 


eepeernseseeees 
pushes sbuuccdedbdedbonebedsnsesedenkuacededencdabssedscceetansadensroeseeess*se% 


+ CB ennnanecsocosvenenee 
gpaberee” 
wee 
the 


) while eating grass steps on it due to which the insects flush out and 
egret (+) can eat those insects 


stinging tentacle for protection due to which non body dare to fight 
with anemone. He protects the clown fish (+) 


etic algae/ Blue-green algae 


@ Lichen: relationship between fungus and photosynth 


@ Mutualism between plants and animals for pollination and 
seed dispersal 

» Orchids show various floral patterns to attract right 
pollinator (bees and bumblebees) 

+ Not all orchids offer floral rewards as Ophrys (mediterranean 
orchid) offer false sex to its pollinator bee (sexual deceit) 

+ Here, one petal of Ophrys looks like female bee so male comes 
And copulate with the flower and the flower dusts pollen on it 
And when this bee pseudocopulates other flower, it transfers 
Pollen to that flower. 

© This flower need to co-evolve with the pattern of female bee 
To ensure its success in pollination. 


@ helation between fig and wasp: fig is specifically pollinated by its partner wasp only. 
The wasp pollinates the fig in search of place to lay eggs. The fig offers the wasp larvae with 
"some developing seeds as food, : 


"RSE cpg eS Amensalism pecorino aera ee SN RR] 


fenichitinny((6) makes penicillin antibiotic natuxally that emer ta 
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ECOSYSTEM 


Gunctional unit) of natuHe , wheHe living organisms 


* Ecosystem is the functional unit) 
dt a 
(biotic) interact among themse ves and also with the SuxXxounding Phy 


- Sical envionment (abiotic). 
* Ecosystem can Vasty in size fuom a small bond to a lange sea foxest- 
° Entine bfosphene ts a global ecosystem which is sum of all local ecosys. 


-tems on Eanth- 


lal like: Fostest ,desent 
apie gxassland 


estuany 


mms ECOSYSTEM: STRUCTURE AND FUNCTIONS ccm 
* Intextaction of biotic and abiotic Components xesults In a physical stuu- 
~ctuxe that Is chaxactenistic fos each type of ecosystem: 
° Me type of Soil, mean tempexatusxe ato place 8 water status decides 
what kind of plants will gow in that place- Specific nesbivoxes will 
inhabit this place because of the vegetation 8 MoKe cannivoxes will 
fuxther follee these hestbivores . That's how an ecosystem is fostmed. 


: Laentfffeation and enumenation Ccounting the numbens) 
animal’ Species of an ecosystem gives Its 


ef plants and 


ee 
2 < “6S. 


Medium Tree Layer . 


vias 
ss: 2 


| nly 
RUMI a i. J 9 Shrub Layer 
: maa — Ground Layer/ 
Herb or Grass Layer 


a  —— 


. Tne 4- major aspects of ecosystems ane as follow: 
P productivity 


s pecomposition 

a enengy Flow ancl 

4 Nutuient cycling 

To undenstand all 4-aspects of ecosystem , let's take x 
aquatic ecosystem e@., POND (Shallow watert body) 


ample of simple 


; 
wy 


a 
s 

e 

° 


4 


Biotic components includes: The abiotic component includes: 
1. Autotrophs: like phytoplankton, some algae 4 Water with all the dissolved inorganic 
and the floating, submerged and marginal and organic substances 
plants found at the edges. 2, Soil deposit.at the bottom of the pond 
2. The consumers (heterotrophs) are 7 3. Light via the solar input 
represented by the zooplankton, the free b, Temperature, day-length and other 
swimming and bottom dwelling forms. climatic conditions regulate the rate of 
3. The decomposers are the fungi, bacteria and function of the entire pond. — 


flagellates especially abundant in the © 
bottom of the pond. 


*Tuis small pond performs all tne functions of an ecosystem Eee 
= productivity? conversion of inongante material into organic material with 
the help of light energy by autotnophic: cake = 
| = Decomposition”) decomposition and minenalisation of dead matter to - 
Helase them back fox Helse by autotHophs: x 


- 
== 
- 
SSG a a TT tate aime cachet gigs GODS ATR ams OE SE 


™~s 


txophs by yetexotxophs. 


) (¢) ° 
— on oO aut P * 
m® Enexoy Flow: consumpt i 1c blomas®> into Inoxganic Molecules 


4 n 
@ Nutrient cyeling + convexsion of oxga 
neXoy 1S basic nequinement fon any Cco. 
ne y will be Converted 


; f ut o 6ola 
A constant inp j g this solaX ener 


- system to function sustain a 


Pnto chemical energy Ccalled food): 


Rate of formation of new 
organic matter by consumers is 


Amount of biomass generated 
called Secondary Productivity. 


per unit area per unit time by | - 

producer(plant) via 

photosynthesis is called 
Primary Productivity. 


| ae seneoneen s a 
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: 1 Ss DES TOE agate HN cae an ARAN 
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Gross primary productivity . Gross primary productivity minus respiration 
(GPP) of anecosystemis the losses (R), is the net primary productivity (NPP) 
rate of production of organic which is available biomass for the consumption 
matter during photosynthesis, to heterotrophs (herbivores and decomposers). 


a Petimany productivity depends gh plant species inhabiting a paxt- 
Iculax axea (wuich in fact depends upon many abiotic factors) x 


thus ie Oxles In dif fenent Ecosystems. - 
° The GnnivalNppP: i . ae 7 
th anniv NPP of whole blosphene a at TOe william dae 
Hound ‘I%O billion tons 


Cdny weignt) °F onganic mattex. tpi ae 


Se ery ee ne ae ee me ee pt ne gee Le en 
oo om ee as we moe 
we mee oe 


220 - 


eontee > 55 Billion Ton in oceans 
. that occupies 70% of 
Earth's area 


ee or > 115 Billion Ton on land 
that occupies 30% of 
Earth's area 


= eer LE COMPOSI T| ON ememmneessnnrre sececaaae 


° Eaxth wWoum is AN Saye prea re hweaat | 5 1 
Called as ‘Faamex’s Fuiend’ as it helps in: 


# bxeakdown of comblez oxganic maitex into inosganic substances 
like COz, H20 and nutxients 

e Loosening of Soil * Soil fentility T 

¢ Dead plant xemains such as leaves, bank. flowens & dead 

animal nemains P including fecal matte constitutes Haw matenial 


fox decomposition calles @EE SOD 


Thene ane 5=Steps in decomposition namely +FHagmentation . leaching, 
NO nea ah = 

catabolism , humification »€ minexalisation: 

NOTE? Fragmentation leaching 38 catabolism openate simultane ously- 

oO 


° © 
Fragmentation As Catabolism [basteriatand ines enzymes 
egrade detritus into simpler 
=> Ag K “ E> inorganic substances (chemical 
eee , 
2 | 


change occur) 


mites) break down detritus into 
"smaller particles (no chemical 
change) Out of the fragmented matter, 
the water soluble inorganic 
nutrients go down into the soil _ 
horizon and get precipitated as 
' _ynavailable salts. 


Detritivores (e.g., earthworm, | Jevnsesuon® 
j Leaching 


Humification leads to accumulation 
of a dark colored amorphous 
substance called humus that is 
highly resistant to microbial action 
and undergoes decomposition at an 
extremely slow rate. Being colloidal 
in nature It serves as a reservoir of 


The humus ts further degraded —_—_‘Minerallzation —nytrients so that minerals can be 
by some microbes and release of <Qeemicaa released as and when needed so that 
inorganic nutrients. minerals can't get exploited. 


*Hum| fication 8 minenalisatfon occur during decompasition in te soil 


they »steleage minenals slowly. 


: Ecosystem @) 


Decomposition is FAST when: Decomposition is SLOW when: 


Oxygen ts available Oxygen is absent (anaerobic conditions) 


“Detritus is rich in lignin and chitin which are | 
difficult to break 


Detritus is rich in nitrogen and water soluble 
substance like sugars 


Conditions are warm (temperature is ¢) and 
humid; these conditions are favourable for 
fungal growth which are good decomposers 


Temperature is 4+ 


en ENERGY FLOW 
° Except fox deep sea hydxothexmal ecosystem , Sun is the only soux 
“ce of enexgy fox all ecosystems on Eantn. 


° Of the incident solax nadiatfon » less than 50}: is Photo synthetically 


active xadiation (par) and plants only captute 2-lo/- of PAR) Ci-e., | 


c NOTE Enesigy always flow unidinectionally fHom Sun to PHoducexs - 
ftom producers to consumens which isin alignment to ihe finst | 
law of the Modynamics. 

° Fuxthux, ecosystems also follow the Second law of thexmModynamics 
as they need a constant supply of enexngy to synthesise the molecules the 


Kequine » to counteract the Universal tendency towands incweasing dis- 


-ovdexliness.. . 
Terrestrial Ecosystem Aquatic Ecosystem 
Producers (autotrophs) Herbaceous and woody Phytoplankton, algae and 
plants | higher plants 
Primary Consumers Insects, birds and mammals Zooplanktons and 
(herbivores) : | : molluscs 
rd : ; : 
Secondary Consumers _ Fox, Wolf Small Fishes 
, (Carnivores) 
Tertiary Consumers v v 
(Secondary Carnivores) Tiger, Lion, Leopard Large Fishes 


or oe Om ee on ee ee oe ee nes os ee oe oe es 
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atin 
, starting fom producers (ike pl ' 
ane formed - plants), food chains on xather were 

. Food CHAI on WEB is 

on 

anisms: Err 9H formed because of interdependency among Ong- 

- °? ass 
ae. Noppest , stabbit *& deen eats 9xas% 3 man caneat 
ceeds ( benavin \" : 

6 9 l'Ke hesxbivorxe) on meat Cbehaving like cay nivoHe) 5 

crow % cockHoach axe omnivosous : 

» WheneveX any o 

Y organism die: petstitus Food Chain CDFC) begins: 
tus 1s 
petui decomposed mainly by fungi and bactexia which axe U 


suan- 


-lly ald as they guow on dead X decaying matte 


stem’ Grazing Food chain C4Fe) | x jon enaut 


trom which nas 


fou enexgy flow as the dead mattes ‘in sea settles at bo 
veny less Chances of getting decomposed. 


But against this, in Tennestrial ecosystem x a much laxgex fraction 


of enexXgy flows though Detuitus Food Chain CDFC) tnan thxXough GFc- 


(ROERIGILEVEDD Based on feeding habits of an ouganism , itis given 
In he food chain which fs called its tuophic level- 


a place { 
Produces belongs to finst trophic level, nexbivoves Cpximaxy consu- 


“youes CSecondany consumexs) to the 


-mexs) to the second and caxin 
thiud and So on- 


Bie for dnein enengy demands: 
° only 10/- eneX9y ig tnansfenned to tne next enengy level: this Ts called 


as Linder mann’s 107: I “nule-? 


After © 
“. Numbex 


18» tne energy, will be very less 


of Txtophic levels in a chains is limited. 


© Eacn tuopnic level has gee mass °f living material ata pantionare 


* The ‘Standing csiop is measuted as the mass of living onganisms C bjorma. 
-55 ow the Number tn a unlt anea- ea 
° SoifIna basticular axtea (let's say your gaxden) , a ° ai I culge, 
time, if you need to calculate standing CHop of pxtoducex: then you 
need to measumne the biomass of all psoducexs. | 
* The blomass of a species ts expressed In tenms of fuesh on dry Weight: 


mDRiOIETG TSMR RIEL as water level C-- wet weight) of a 


Plant can. vany with time put duy weight Hemains constant. 


d Trophic Level Third Trophic Level Fourth Trophic Level 
(it he cad? > i (Carnivores) (Top Carnivores) 


@QUoTes Vecombosests « can be found at: any. | rope level as deat of any 
_onganism can begin: OFc.. {gdp Baa ; of aS. : 

ECOLOGICAL PYRAMIDS m 
i ee nave a. buoad base 8 MNaHHow apex: : 


* common bpnanede In ecology ane pyramids of number,  Bomass energy: 


Tertiary Consumers mmf Toplevel consumens ° | 
Secondary Consumers : 


Primary Consumers 


Producers -_ Fast tnopifeI level. 


- ool 
—— a 
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‘ia 
BPynamid of MURBERDIn Gresstivas 


fnat numbeX of Habbits js less than 


NumbexHs 


we Know 


No- of 
gxasses 


"* Pyxamid 1s GbHIgRE 


@ Pyxamid o ° ° ; as 
J f Gories in GORESP Cteyneststial): We know that mass of tHees 


S ° 
in fouests |S fax mone than the mass of 


* Puno ts GEB® 


animals - 


ap 
si —* EMBED ecooystem is INVERTED as tne mass 


of zooplankt ons is moxe nan that of 


bhytoplanktons fe 


@ Pyramid of Gregg is ALANS | UPRIGHT as enexgy decreases at succ- 


Qi. 


-essive tsophic levels accouding to iol: yule- 


400000 


. DeMeRITS oF €corogic CAL PYRAMIDS: 


° If a cockvoach fs omnivonous : it can be both Yand 2° consumer but 
mM ecological pyramids “cockHoach is pec only at a specific tHophic 


level depending on tne food chain: — 
* It donot take food web Into account cstmple chains almost never exist) 


° Decomposexs | ane not given any place 


OGD Pyramid of no- of tuee ecosystem can be TI \ RI 
‘insects feed on a Single tnee- 


ED) when thousands of 


Ecosystem 


IIS CONSERVATION 


BASIC CONCEPTS 


"The living world is very diverse (>I-#-1-8 million species ane descnibec 
till date). 


Organism Number of diff. 


Species on Earth 


ee |) DV ERS Y messes 
© Oust biosphexe has gxeat diversity Cos heterogeneity) at all levels of 


© Intexnational Biodivestsi ty Day?22nd Mau 


° Texm biodivexsity : 


B coined by) Rosen Ciag5) 
= Populanised by Sociobiologist 
Edwaxd’ Wilsen> 


biological ouganisation Hanging fHomM macuomolecules to biomes. 


Level of biological 
organization 


Organelles 


Heterogeneity/ Diversity 


Proteins, Polysaccharides, Nucleic acids etc. 


Mitochondria, Chloroplast, ER, GC etc. 


Epithelial, Connective, Muscular, Neural Tissues in animals 


Biomes Desert, Rain forest, arctic tundra, grassland etc. 


es | EV ELS OF BIODIVERSITY smmmmnmmmemnennmmemeenens 


Genetic diversity Species diversity Ecological diversity 


ebiveralty shown by a sels The miceuerstty at the spsclas 
_ Species at genetic level, | ce level. 


_| Diversity at ecosystem level. 


> India has more than 
50,000 Benetically 
different strains of rice 
and 1,000 varieties of ” 
mango, 
+ kauwolfia vomitoria 
(Himalaya) shows genetic 
variation in the potenc 
& concentration of the 
chemical reserpine. 


The Western Ghats have a 
peat amphibian species 

‘versity than the Eastern 
Ghats. 


In India, deserts, rain 
forests, mangroves, coral 
reefs, wetlands, estuaries, 
and alpine meadows has a 

greater ecosystem diversity 
than a Scandinavian country 
like Norway. 


* W en we rca ree Spee 5 ° ° 
ned ee ot CUTE ide , the potential of Rauwolfia to stove 
wesenpine incteases. 


NOTED Reserpine tneats high (blosdy baessune and igpestension- 


esi How many Species are there on Earth and how many in nda 


° According to TEN Ci-e., Intexnational Union of conservation of Nat- 
-uxe & Natuxtal xesounces) , 2004: the total no- of plants and animal 
species descnibed So far 15 ‘mone than FS rillion 
¢ Species Inventories ave mone complete Jn tempenate vegions Cas the- 
-5e oneas do not promote moxe speciation and have less species living 
thene ; thug Heseaxch can be done accunately) man in tHopical axeas 
Cas these areas awe mone favourable 38 species count is very high 3 


counting species here with accunacy IS a tough task): 


*Some scientists quess tnat €axth can have 20°50 million species: 


“(Robext May? suggested tnat these axe (ternillion species on Eaxtth 


° pe ® 1 ee 
ie., we nave discovered 22] of total spectes till cate 


i “nee Oo}; aXe animals & outof 
®@ out of all species on Eaxth » neatly * | a 


anound (fol? anecinsectS Cire Insects make aXxound 
n Earth): 

evAmpnteians + Re 
of total species on Ean: 


these animals » 


“= 
gS ee eens ane mene e 


Biodiversity & Its Conservation ee 


NOTE Biologists axe not suxe about te no: of prokanyotic Species on Canty 


aS Conventional taxonomic methods and cxitexia axe not suitable fox 


Identification of microbial species and many micuobes axe not culturtatle 


undeX laboratory conditions. And lf we take biochemical and moleculax 


cHitexta into consideration , te no- of micnobial species will 92 1n rillions 


“Gnaia occupy geal]? of 


and it was 8-17: of 
Global Species divestsity) « 


Tes one of 42 ee 
° In India, axound GSfonok: a. : 


species que descytibed till date % acconding to May's aaeont 


|,00,000 plant species %§ 3,00,000 animal specieS axe yet to be disc- 
- OVexted- 


mmm Trends of abundance in various Plant and Animal Groups === 


SERCR CEE eeD eRe ESE REESE EEE SCE, 
qgriasace Sedsseavuena susvebs seenenena 


; Finvertebrates | : i Vertebrates 


SSUSHSP A eee se RAsE TERE EARS wt 


mene: animal groups | 


* Insects ane maximum 


: ~ Amphibians 
* Aman named Mc Clet's say MC Stan js : 


taking oath: Oath >M>c , 


A sits ae ae Ya Ton 


Fetorsvsoverrsspencanse, 


Ferns and Allies ~ > n 10 , in- 
(rated totem) V'd!°SPetms axe most abundant & dom 


- ating Plants ; FungiC2nd) ame also very 
Anglosperm abundant | 


To Famous pLichen ( lichen) 


Fungl 


7 : sf Moss Fennsss Nelatec al plats | | 
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nmr Patterns of Biodiversity 
OO" N 


North Pole 


POLAR REGION 


Solan Input + 5 Afatuubances like 
glaciations aue Move fuequect 


50laM input f “. cugductivity? 
ae * Distuubances > *- Speciatt or) 
a yy, avs £ diveusi¢ication fT 
$ 
Tuopic ueqions ame less sea- 


66" S 
-Sonal -» nicne Specialisatio nf 


POLAR REGION 


90° S 
South Pole 


° @ ° as 
* We can Conclute that thene ave mone species |” Tuopical ave 


nen in Temperate. ( Temp-L) aneas 


ME oF Brine wind tI° (Columbia): 56 bind species 

oat | 4" (New Youk): 105 bind Species 
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ee : ate forest Cas In midwest of 
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° Amaxon Rain Forest have in total? 1,425,000 invertebuates 5 40,000 
plant 3 3,000 fish 3 1,300 bind 5 424 amphibian 5 
S5T8 yeptile she cles (TRICK? Reptiles ane least ‘ 
become (ESESASMER in amazon sain foxest)- 

Rn Species Area Relationship Sy 
* Pxobosed by Gexman Natunalist 


424% mammal and 
. F>B>RZA>M will 


a a ° O° Q 
° Species xichness within a Hegion incueases with IcHease In 
axea of exblonation but only upto a limit Caftex a point, organisms 


of new species awe very difficult tobe found) 


rm Rectangular hy pexbola 
= < ° ° 
ve We cant tHack 5 aga these point. 


t logs = logc + Zl0gA | 

4 2 129 curve needed 
= (STRAIGHT LINE) 
= ° 
oo “. Difference between 
a Closest points can 
UU 

ie be tnacked 

o 

Axea—> . 
S= Species xichness 3 A= Auea 3 C= Y- intercept 
= Slope / : 


Regxession means wesistance -. if ZT 3 curve will be STeeperR 


‘+ No-of species incueasing with axea will be less 
Ser ETI TRIS, oe | 
‘Z=0:|-0-% independent of taxonomic gttoub (Species) o Hegion Caea) 
Fox lange quea Clike whole contenent) (ZO = a> 
“» STEEPER CURVE 
eg-, Z=I5 for fetugivorous Cfruit eating) binds 2&8 mammals in tstopical 


fouests of diffenent continents. 


C6x moxe than usual) 


Importance of Species Diversity semanas 
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mone ivit Ra 
-als ust) productivity , then rmnoxe anim 


also come In that axed) 
m Morte \ 0)? 
: Hesistance 4g Mesilience to occasional distunbances 
me miley) De Man-made ox natunal 
B °o 
” oe Hesistant +o Invasion of alien species 
e Davi ilman Pexfoumed long-term expeniments on outdoor plots 
whexe he concluded tat: 
the plot with T species : is Showing less yean to year vastiation In blomass 
SF tabilityt ‘. Petod uctivity ¢ 
Rivet Popper Hypothesis sm 
e Given by Stan-foxt Ecologist - Paul Ehlstich 
i z 


\ Aexoplane Can Ecosystem) 
I{ many Species gets extinct 5 ecosystem 
Rivet] Bolt Ca Species) will be destabilised 


Main Hivet on wing C Key species) 


i 


H connects diffestent food chains 5 


ant a Keguapedies) gets extinct , the 


Ecosystem ill get Vighly disturbed as 


key species plays many cnitical functional 


| Holes in an ecosystem. 

| LOSS OF DVRS 

° LUCN (2004) Red list documents endangested Species: Pee 
Anound (#84 Species (ga inventebuates 5 236 venteduates:and 6t Pint 

. oun Tet SF oe nn ge 
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> gymnosperms (31/) 
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species) extincted in last 70? yeans 
oe 
feb 


eIn last 20 yeaXs alone, At spec 132’) 


ny > Binds Cl27)) 
disappeanned: : sfammats (227) > Binds Ci21) 
© Anound 15,500+ Species ane Saito oat 
facing teat of extinction 


worldwide out of which 4 


400 axe fxom India. 
Recently extinct Native area 
species 


~ Australia a 


; mphibian= 


yulnaHasie ro 
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wound 
e Befoxe yumans appeanted on Eanth, 
ass extinctions have 


5 episodes 5 
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*. cunvently in ptoguess 


wet) Epieode) 
(oo-logo times much 


& is said to be 


faster nan pueviouS 


human activities like Po 
Caspian - station etc: ‘e e 
pms R ea SONS of Biodiversity losses EE 


Evil Quartet (4 Reasons for Biodiversity Losses) 


episodes due to 


llution , defoxe- 


Stellar Sea Cow 


"3 SUB-SPECIES of 
Tiger SONY 


Bali, Javan and 


Habitat Loss + Tropical rain forests covered 14% of Earth's land which is now only 6%; 

and Amazon Rain Forest is also cut down heavily. to grow soyabean and to 

Fragmentation make grasslands (for raising beef cattle) cee tae 

(major reason) | ° Migratory mammals and birds which require large territories are also 
affected due to fragmentation 


Over ¢ When we overuse something (when need turns into g 
r reed) 
In last 500 years, animals like passenger pigeon and stellar sea cow 


Exploitation 
became extinct due to over exploitation. 
ted which has endangered a lot of 


O Marine fishes are also over harves 
commercially important species. 
Alien Species ¢ An outsider species inhibit the Fa 7 
Invasion a) Nile perch introduced in lake Velarde cote een of an area 
extinction of 200+ species of Cichlid fish in the lake cre 
OQ African Catfish (Clarias gartepinus) are causing st 
catfishes in Indian rivers g stress to indigenous 
Cl Carrot grass (Parthenium), Lantana and Water hyacinth (Eichhornia) ate 


also invasive weeds 


, - 
- 
- 
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eS ee ee ee ee Fe ee et ea Pee hee e 


Co-Extinction * Iti = : 
It is usually seen in compulsory relationships 


Wh i 
= hes : ia get extinct, its partner plant will also get extinct 
ost species gets extinct, the parasite will also get extinct 


(NOTE> Bro HOS be C: ‘ ; . 

Pxospecting means doing deep Heseach on various onganisms 

to exbloHe m ° is 

; plote moleculax, genetic and species level pHoducts fon comme- 
-yclal benefits. 
Why shall we Conserve Biodiversity? === 

* We Shall consenve biodiversity as loss of biodiveusity will lead to: 

@ plant production 4 

@ J xesistance to envitonmental calamities like dxought 


8 fT vastiation in plant productivity , water use and pest 6 disease cycle 


Human derive many direct economic benefits from nature like: food, 
firewood, fibre, construction material, medicines(225% medicines 
are derived from 25,000 species of plants etc. 


There are many things where price tag can't be placed e.g., we get 
oxygen from nature; pollination by bees, bumble bees, birds and 
bats; aesthetic pleasures etc. borne 


Narrowly Utilitarian 
Arguments 


Broadly Utilitarian 
Arguments 


Our moral duty is to care for well being of all species on Earth so 
that our coming generations can also see them 


Ethical Arguments 


nus HOW dO We Conserve Biodiversity EEE 


m GATOR CHIEN 


SP In-eitu Con-site) # fn tnis mode, we pxotect the whole ecosystem 
organisms in that ecosystem wil] automat- 


- 
etl Se ee 


Clet's say a foxest) and all 
-ically get protected: 


Aipenc situ Coff-site) * Hee endangexted on thxeatened species aXe took 
4 natuxal nabitat « axe placed in protected envixonment 


: etmilast +o thei. natuxal habitat - 


onsexvation methods: 


out om hein n 


* Some 


Biodiversity Hot Spots : aan 
* These are the regions with very high number of species 

* These regions hava high degree of endemism too which means that the species present here 
are very confined and not found anywhere else 


~“ 


5 initial and 9 added later) out of Which 


* There are total 34 Biodiversity hotspots on Earth (2 


3 are in India namely: 
Q) Western Ghat and Sri Lanka 
Q) Indo-Burma 
Q) Himalaya more than 30% species 
* Hotspots cover only 2% of land area of earth but paeceee to conserve hotspots rath, 
+ Since we have a limited workforce, thus it is 4 clever dec! : 
then putting efforts on a random land part per) and Wild Life Sanctuari 
——— an ar 
Biosphere Reserves (14 in number), National parks (90 in number’ ® Mens = 
(448 in number) are also in-situ methods — Neha esc obser 
Sacred Groves F ture is " art of thei 
- Some tribes consider nature as their mother and conservation oe nt 
traditional and religious ethics 
QO Khasi and Jaintia hills of Meghalaya 
QO) Aravalli Hills of Rajasthan 
 Sarguja, Chanda and Bastar region of Madhya Pradesh 
C Western Ghats etc. are protected as sacred groves 


* Some CEZEE conservation methods : 
therwise animal will get 


Zoological Parks: protection of animals in zoo under human care 0 
extinct in its natural habitat 
Botanical Gardens: conserving plants in a protected environment _ 


Wild-life Safari Parks: a place similar to zoo where people can drive their vehicle and see the 


animals around (Park’s commercial vehicle is also available) 
for tissue culture in plants), sperms 


Cryopreservation: preservation of gametes, seeds, tissues ( 
etc under -196°C liquid nitrogen for future use : 


° éasein summit C1492) was held in Rio de“ Saneixo fox bfodiversity 
conservation and sustainable utilisation of benefits. 

e Would Summit” on Sustainable development (2002)- wees jyas eld in 
Tohannesbeng, whexe pledge was taken to xeduce biodiveusity loss at 


global » Hegional 8 local level by 2010. 
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